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EXPLANATION OF
REVISION AND UPDATE OF NPDES MIXING ZONE DEMONSTRATION

(voLUME ilR)

As part of the update of the BP Products North America Inc., Whiting Refinery NPDES
Permit Renewal Application, this explanation addresses revisions to the Mixing Zone
Demonstration documented in Volume ll (submitted August 1994) and Volume llR
(submitted March 1998). Since March of 1998, the following four areas have changed to
the degree that necessitates additional information to be submitted to IDEM.
Speciflcally, these areas are:

1. Update of the Outfall 001 effluent flowrate to reflect recent conditions (November 1,
1999 to October 31,2001). The original effluent f low used in the March 1g98
Volume llR covered a period from 1991 to 1994.

2. Revision of the multiport diffuser design to account for the changed effluent flowrate.
3. Use of the current USEPA supported version of the CORMIX dispersion model.
4. Extension of the Lake Michigan Biomonitoring Program to include recent surveys

(Oct 1997, Aug 1998, Aug 1999, and Aug 2000) - Attachment 6.

These changes augment the overriding conclusion of the Volume llR Mixing Zone
Demonstration that implementation of an alternate mixing zone for BP is appropriate and
valid. The hydrodynamic studies and biological assessments (including
updatesirevisions included herein) demonstrate that the proposed BP mixing zone
meets the requirements of lndiana regulation and is protective of human health, aquatic
life, and wildlife.

Effluent Flow

As more recent Outfall 001 data is available, the long-term average effluent flow has
been updated from an original database of 1991 to 1994 to a current database of Nov 1,
1999 to Oct 31 ,2001. The March 1998 Volume llR presented an average Outfall 001
effluent flow of 13 mgd. The updated average effluent flow is now 17.6 mgd as
presented in the revised Volume I Form 2C permit application. This flow serves as the
basis for the multiport diffuser design as the 1991 USEPA Technical Support Document

ADVENT 01534 3-Apr-2002



for Water Quality-based Toxics Control (TSD) recommends a port exit velocity of 10
ft/sec at average effluent flow.

Multiport Diffuser Design

Given the increase in average effluentflowfrom 13 mgd to 17.6 mgd, a design change
to the multiport diffuser was necessary to facilitate the maintenance of a 10 fUsec port
exit velocity. Table 2-1 of Volume llR was revised to incorporate the new effluent flow.
As shown in Revised Table 2-1, the selected design kept the original port diameter of 6
in, but increased the number of ports from 10 to 14 to accommodate the increased flow.
Further the total diffuser length was kept constant at 90 ft, so the increased number of
ports reduced the port spacing from 10 ft to 6.9 ft. The 6.9 ft spacing is greater than the
minimum recommended port spacing given in Revised rable 2-1 (s ft).

CORMIX Dispersion Modeling

In order to evaluate the dispersion and size of a mixing zone from a multiport diffuser, the
USEPA-endorsed computer model CORMIX, developed by Dr. Gerhard Jirka at Cornell
University, was used for analysis in the 1994 Volume ll and the 19gB Volume llR. For
Volume llR, CORM\Xv2.l was the most recent version available at that time. Since 199g
the model has undergone subsequent revisions and support sponsor changes. For this
20Q2 permit application update, CORMIX v4.1 (ref: CORMIX-GI Version 4.1GT, June
2000, Oregon Graduate Institute)was used for analysis. As done previously, the CORMIX
expert system was utilized to determine achievable dispersion at the edge of the Jet
Entrainmentzone, the Near-Field Zone, and the Far-Field zone.

ln regards to model inputs for this analysis, a 90-ft diffuser (approximate length) with
fourteen 6-in diameter ports spaced 6.9 ft apart was chosen as an appropriate design for
the BP discharge. As mentioned previously, in the 1998 Volume llR analysis, a 90-ft
diffuser with ten 6-in diameter ports spaced 10 ft apart was chosen as an appropriate
design. The updated diffuser design remains unidirectional with alt 14 ports pointing
toward the center of the lake (due north, away from shore). The 6-in diameter ports and
6.9-ft port spacing provide standard dimensions for ease of installation and still maintain
the recommended 10 fvsec exit velocity. Other configurations could be used for final
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design; however, port diameters should not be too small where clogging from debris might
occur and spacing should be large enough where immediate entrainment of adjacent ports
is avoided.

Revised Table 2-2 presents a comparison of the original Volume llR model inputs with
the current revised inputs. The only inputs requiring a change were average effluent
flow, number of ports, and port spacing. All other CORMIX input parameters remained
consistent with original values (reference for these inputs can be found in Volume llR).

For the revised input parameters described above, model runs were conducted for
dispersion estimation as a function of distance from the diffuser at site s3500. The
CORMIX v4.1 model output is given in Revised Attachment 4 and graphically presented in
Revised Figure 2-2. ldentical to results from 1998 at 53500, the plume is projected to be
fully vertically mixed in the jet entrainment zone (per CORMIX classification) and extends
to a distance of one-half of the diffuser length (45 to S0 ft). ln essence, the plume
classifications and mathematical equations used in 1998 (v2.1) are very similar to those
used for this analysis (v4.1). However, due to the increased effluent flow, the dispersion
projected at this distance decreased from b4:1 in March lggg to 42:1.

After the jet entrainment zone, the CORMIX v4.1model projects a transition zone that is
"insignificant in spatial extent and will be bypassed" (same as CORMIX v2.1). Therefore,
there is no additional dispersion gained in the transition zone and the extent of the Near-
Field Zone is equal to the extent of the Discharged Induced Mixing Zone (DIMZ). At the
DIMZ, the extent of discharge-induced mixing is equal to 45 to 50 ft from the diffuser where
a dispersion of 42:1is achieved. Since Indiana law limits the mixing zone to the DIMZ for
a Lake Michigan discharger, BP proposes a mixing zone of S0 feet around the diffuser
structure, the same size as proposed in 199g.

Past the Near-Field Zone, physical mixing continues, and CORM lX v4.1 dispersion
pCIects into the Far-Field Zone up to a user-specified distance of 3,300 ft. The actual
extent of the Far-Field Zone, used for regulatory application is determined from regulatory
definitions, not from hydrodynamic principles since the plume will continue to disperse at
the molecular level over great distances. The 1991 TSD suggests that the DIMZ occupy
10 percent of the far-field zone, therefore, an appropriate far-field distance of 500 ft can be
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established for the BP diffuser. At this distance, CORMIX v4.1 projects an effluent
dispersion of 60:1 for the far-field zone, compared to 77:1 predicted in March 1g9g. A total
mixing zone of 500 feet radius around the diffuser structure is consistent with USEPA
approaches to protecting the environment and is the same size proposed in 19gg.

As with the previous analysis, the proposed multiport discharge configuration adds a
margin of safety to protect the quality of the receiving waters as compared to the existing
Outfall 001 structure. A graphical depiction of the BP mixing zone delin eation (42:1
dispersion at 50 ft from the diffuser) is given in Revised Figure 3-1.

Lake Michigan Biomonitoring program

To incorporate recent biomonitoring program data from 1gg7,1ggg, 1ggg, and 2000,
Attachment 6 from Volume llR has been updated and is enclosed herein. Again, the
biological data reflect patterns reported in March 1998 and have not changed the
fundamental conclusions presented in Volume llR. The revised Attachment 6 gives the
biomonitoring program database in its entirety and further establishes pre-diffuser
baseline conditions towards the demonstration of protection to human health, aquatic
life, and wildlife.
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REVISED TABLE 2-1. PORT SIZES AND SPACTNG FOR A MULTIPORT DIFFUSER
BP WHITING

Note: ln the March 1998 Permit RenewalApplication (Volume llR), the average effluent flowrate
was 13 mgd, resulting in a selected design of ten 6-in ports to maintain an exit velocity of 10 fysec

NUMBER AVERAGE
OF EFFLUENT EFFLUENT EXIT PORT PORT MIN PORT DIFFUSER

PORTS FLOW FLOW VELOCTTY AREA DTAMETER SPACING LENGTH
(mgd) (cfs) (fUsec) (sq ft) (in) (ft) (ft)

1
2
3
4
5
6
7
I
I
1 0
1 1
1 2
1 3
1 4
1 5

1 7 . 6 1
17.61
17.61
17.61
1 7 . 6 1
17.61
17.61
17.61
17.61
17.61
17.61
17.61
17.61
17.61
17.61

27.24
27.24
27.24
27.24
27.24
27.24
27.24
27.24
27.24
27.24
27.24
27.24
27.24
27.24
27.24 10

1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0

2.72
1 . 3 6
0.91
0.68
0.54
0.45
0.39
0.34
0.30
0.27
0.25
0.23
0.21
0.19
0 . 1 8

22.3
15.8
12.9
11.2
10.0
9 .1
8.4
7.9
7.4
7 .1
6.7
6.5
6.2
6.0
5.8

13.2
10.8
9.3
8 .3
7.6
7.0
6.6
6.2
5.9
5.6
5.4
5.2
5.0
4.8

13.2
2 1 . 5
27.9
33.3
38.0
42.2
46.1
49.7
53.0
56.2
59.1
62.0
64.7
67.3
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ATTACHMENT 4 - CORMIX2 PREDICTION FILE:
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

CORNELL MTXING ZONE EXPERT SYSTEM
subsystem coRMrx2 : submerged Multiport. Diffuser Discharges

CORMIX-GI Vers ion 4.1cT

CASE DESCRIPTION
S i t e  n a m e / I a b e l :  5 3 5 0 0
Des ign  case :  Base  Case
FrLE NAIVIE:  \ \Dean\c\program Fi l_es\coRMrx-cr \My Fi les\bpamoco.prd
T i m e  s t a m p :  W e d  D e c  5  1 0 : 3 3 : 4 9  2 0 0 1

ENVIRONMENT PARAMETERS (metric units)
Unbounded sect.ion
H A  =  8 . 6 9  H D  =  8 . 6 9
U A  =  Q . 1 0 0  F  =  Q . 0 4 7  U S T A R  = 0 . 7 6 4 7 E - 0 2
U W  =  2 . 0 0 0  U I ^ I S T A R = O . 2 1 9 8 E - 0 2
Uniform density environment
STRCND= U RHOAM = 999.7019

DIFFUSER DISCHARGE PARAMETERS (metric units)
Di f fuser  type:  DITypE= unid i rect ional_perpendicular
BANK =  LEFT  Drs rB  =  1080 .52  yB1  =  106G.80  yB2  =  ra94 .23
L D  =  2 7 . 4 3  N O P E N  =  t 4  S P A C  =  2 . L L
D 0  =  0 . 1 s 2  A 0  =  0 . o L 8  H O  =  0 . 5 0
Nozzle/port arrangemenL: unid.irect,ionar wit,hout fanninq
GAMMA =  90 .00  THETA =  0 .00  s rcMA o .  oo  BETA =  90 .00
U 0  =  J . 0 2 L  Q 0  =  0 . 7 7 2  = 0 . 7 7 1 5 8 + 0 0
R H O O  =  9 9 5 . 6 4 7 0  D R H O 0  = 0 . 4 0 5 5 8 + 0 i .  c p o  = 0 . 3 9 7 8 E - 0 1
C0  =  0 .1000E+03  CUNITS=  PERCENT
I P O L L  =  1  K S  = 0 . 0 0 0 0 E + 0 0  K D  = 0 .  O 0 O O E + 0 0

FLUX VARIABLES - PER UNIT DIFFUSER LENGTH (melric uniLs)
q 0  = 0 . 2 8 1 3 8 - 0 1  m 0  = 0 . 8 4 9 2 E - 0 1 -  j o  = o . r - 1 1 9 E - 0 2  s r G N , f o =  1 . 0
Assoc ia ted  2 -d  l eng th  sca les  (meLers )
] Q = e  =  0 . 0 0 9  l M  =  7  . 8 7  t m  =  8 . 5 0
l m p  =  9 9 9 9 9 . 0 0  l b p  =  9 9 9 9 9 . 0 0  t _ a  =  9 9 9 9 9 .  O 0

FLUX VARIABLES - ENTIRE DIFFUSER (metric units)
Q 0  = 0 . 7 7 1 5 8 + 0 0  M 0  = 0 . 2 3 3 1 8 + 0 1 _  . T O  = 0 . 3 0 G 9 E - 0 1 -
Assoc ia t . ed  3 -d  l eng th  sca les  (me te rs )
L Q  =  0 . 5 L  L M  =  1 0 . 7 7  L m  =  t 5 . 2 7  L b  =  3 0 . 6 9

L m p  =  9 9 9 9 9 . 0 0  L b p  =  9 9 9 9 9 . 0 0

NON-DIMENS]ONAL PARAMETERS
F R O  =  1 5 7 . 0 0  F R D O  =  3 8 . 8 0  R  =  3 0 . 2 1
(s lo t )  ( po r t , / nozz le )

FLOW CLASSIFICATION
2  2  2  2  2  2 2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2 2  2  2 2 2  2  2 2  2 2  2  2
2 Fl-ow class (CORMIX2) = MV2 2
2  App l i cab le  l aye r  dep th  HS  =  9 .69  2
2 2  2  2 2  2 2 2 2 2 2 2 2  2  2 2 2 2 2 2 2  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  2 2 2  2 2

MIXING ZONE / TOXIC DILUTION / REGION OF I}fffEREST PARAMETERS
C0 =  0 .1000E+03  CUNITS=  PERCENT



NTOX = 0
NSTD = 0
REGMZ = O
XINT  =  1000 .00  XMAX 1 0 0 0 . 0 0

X-Y-Z COORDINATE SYSTEM:
ORIGIN is  located at  the bot tom and the

L080 .52  m f rom the  I ,EFT  bank /sho re .
X-axis  points downst , ream, y-ax is  points

NSTEP = 50 d isplay in tervals  per  module

d i f f use r  m id -po in t :

t o  l e f t ,  Z -ax i s  po in t s  upward .

BEGIN MOD201: DIFFUSER DISCHARGE MODULE

DUE LO COMP1CX NEAr-fiEld MOTiONS: EQUTVAIJENT SI'OT DIFFUSER (2-D) GEOMETRY

Prof  i l -e  def  in iu ions:
BV = Gaussian 1- /e (3 je")  hal f  -width,  in  ver t ica l  p lane normal  t .o  t ra jectory
BH = top-hat  hal f -widLh,  in  hor izonta l  p lane normar to t ra jectory
S = hydrodynamic centerLine dil-ution
c = center l ine concentrat ion ( incrudes react ion ef fect ,s ,  i f  any)

x Y Z S C
0 . 0 0  0 . 0 0  0 . 5 0  l _ . 0  0 . l _ 0 0 E + 0 3

END OF MOD2OI-: DTFFUSER DISCHARGE MODULE

BV BH
0 . 0 1 _  1 3  . 7 2

BEGIN MOD271: ACCELERATION ZONE OF UNIDIRECTIONAL CO-FLOWING DIFFusER

fn this lateralIy cont.racting zone the diffuser plume becomes VERTICALLY FULLY
MIXED over  t .he ent . i re  layer  depth (HS = e.69m) .

FulL mixing is achieved after a pl-ume distance of about f ive
layer dept.hs from the diffuser.

Prof  iLe def  in i t . ions:
BV = layer  depth (ver t ica l ly  mixed)
BH = top-haE hal f  -widt .h,  in  hor izont .a l  p lane
S = hydrodynamic average (bulk) dilution
C = ?verd9€ (bulk)  concentrat , ion ( inc ludes

normal t.o Crajectory

react ion ef fect .s ,  i f  any)

5V ljtt

u . u r .  L 3 .  t z
o . L 7  l _ 3 . 5 5
0 . 3 5  1 3 . 3 9
0 . 5 2  L 3 . 2 4
0 . 6 9  l _ 3 . 1 0
0 . 8 7  t 2 . 9 7
1 . 0 4  1 2 . 8 5
L . Z Z  r Z . t 3

1 _ . 3 9  t 2 . 5 2
1 .  5 6  t 2  . 5 t
L . " 7 4  L 2 . 4 1
r _ . 9 1 _  t 2 . 3 2
2 . 0 8  L 2 . 2 3
2 . 2 6  ] - 2 . L 4
2 . 4 3  1 2 . 0 6

x
0 . 0 0
0 . 2 7
n  q q

0 . 8 2
L .  L 0
L . 3 7
r _ . 6 5
] - 9 2
2 . L 9

2 . 7 4
3  . 0 2
3 . 2 9
3 . 5 t

3 . 8 4

Y
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  0 0

t7

U . 5 U

0 . s 8
0 . 6 5
n " 2

0 . 8 1
0 . 8 8
0 . 9 6
t _ .  0 4
1 . 1 1
1  ' r o

t . 2 7
r . . 3 5
L . 4 2
r _ . 5 0
r _ .  5 8

1 . 0  0 . 1 0 0 E + 0 3
6 . 8  0  . 1 4 7 8 + 0 2
9 . 2  0 .  L 0 9 E + 0 2

l - 1 . 0  0 . 9 0 5 8 + 0 1
1 2  . 6  0 .  7 9 4 8 + 0 1 -
1 4 . 0  0 . 7 1 6 E + 0 1
1 5 . 2  0 . 6 5 8 8 + 0 L
1 6 . 3  0 . 6 1 2 8 + 0 1
I 7  . 4  0 . 5 7 5 8 + 0 1
L B . 4  0 . 5 4 4 E + 0 1
1 9 . 3  0 . 5 1 7 E + 0 1 -
2 0 . 2  0 . 4 9 4 E + 0 1
2 L . l  0 . 4 7 4 E + O l
2 L . 9  0 . 4 5 7 8 + 0 1 -
2 2 . 7  0 . 4 4 1 E + 0 1



4 . L t
4 . 3 9
4  . 6 6
4  . 9 4
5 . 2 t
q  4 q

q  ' 7 A

6  . 0 4

o .  a t b

7  . 7 3
7  . 4 1 ,
7  . 6 8
t . > o

8 . 2 3
8 . 5 0
6 .  t 6

9 .  0 s
9 . 3 3
9 . 6 0
9 . 8 8

l _ 0 . 1 _ 5
L 0 . 4 2
l _ 0 . 7 0
L 0  . 9 7
] - t . 2 5
L I . J Z

1 l _ . 8 0
L 2  . 0 7
t 2 . 3 4

0 . 0 0

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

J - .  O f ,

1 . 7 3
J _ .  t t l _

1 . 8 8
1 .  9 5
2  . 0 4
2 . t l
z . r v
z . z t

2 . 3 4

z  . 5 u
z  . 5 d

2  . 6 5
2 . 7 3
z . 6 L

z  . 6 6

2 . 9 6
3  . 0 4
3 . 1 1
3 . r _ 9
3 . 2 7
3 . 3 4
3 . 4 2
3 . 5 0
3 . 5 7
3  . 6 5
3 . 7 3

3 . 8 8
J . : r b

4  . 0 4
4 . t l ,
4 . 1 9
4 . 2 7
4 . 3 4

1 2 . 6 2  0 . 0 0

2 3 . 5  0 . 4 2 6 E + 0 I
2 4 . 2  0 . 4 L 3 E + 0 L
2 4 . 9  O . 4 0 2 8 + 0 1
2 5 . 6  O . 3 9 L E + 0 1
2 6 . 3  O . 3 8 L E + 0 1
2 6 . 9  O . 3 7 1 E + 0 1 -
z  t  . o  v .  J o j t s ; + u I

2 8 . 2  0 . 3 5 5 E + 0 1
2 8 . 8  0 . 3 4 7 E + 0 i -
2 9  . 4  0 . 3 4 0 E + 0 1 -
3 0 . 0  0 . 3 3 3 E + 0 1
3 0 . 6  0 . 3 2 7 E + 0 I
3 1 - . l -  0 . 3 2 1 _ E + 0 1
3 l - . 7  0 . 3 1 - 6 E + 0 1
3 2 . 2  0 . 3 1 0 E + 0 1
3 2  . 8  0 .  3 0 5 E + 0 1
3 3 . 3  0 . 3 0 0 E + 0 1 -
3 3 . 8  0  . 2 9 6 8 + 0 I
3 4 . 3  0  . 2 9 2 8 + 0 1
3 4 . 8  0 . 2 8 7 F + 0 1
3 5 . 3  0 . 2 8 3 8 + 0 1
3 5 . 8  0 . 2 7 9 E + 0 !
3 5 . 3  0 . 2 7 6 8 + 0 1
3 6 . 7  0 . 2 1 2 E + 0 t
3 7  . 2  0 . 2 6 9 8 + 0 t
3 7  . 7  0 . 2 6 5 E + 0 1
3 8 . 1  0 . 2 6 2 8 + 0 1
3 8 . 5  0 . 2 5 9 E + 0 1
3 9 . 0  0 . 2 5 6 E + 0 1 -
3 9 . 5  0 . 2 5 3 E + 0 1
3 9 . 9  0 . 2 5 l E + 0 1
4 0 . 3  0 . 2 4 8 E + 0 1
4 0 . 7  0 . 2 4 5 E + 0 1
4 7 . 2  0 . 2 4 3 E + 0 1
4 1 . 5  0 . 2 4 0 8 + 0 1
4 2  . 0  O .  2  3  8 E + 0 1 _

8 0 .  s e c

2  . 6 t  l _ 1 _ .  9 9
2 . 7 8  L L . 9 L
2  . 9 5  l _ 1  .  8 4
3 . 1 3  l t . 7 7
3 . 3 0  t ' J , . 7 L
3 . 4 7  L l _ . 6 5
3 . 6 5  t _ l _ . 5 9
3 . 8 2  1 1 . 5 3
4  . 0 0  1 1 . 4 8
4  . 1 7  1 1 . 4 3
4 . 3 4  1 1 . 3 8
4 . 5 2  1 1 . 3 3
4  . 6 9  t L . 2 9
4  . 8 6  J . L  . 2 4
5  .  0 4  t r . 2 L
5  . 2 L  t t . L 7
s . 3 9  1 _ 1 _ . 1 3
s  .  56  l _1 .  1_0
5  .  7 3  1 l - .  0 7
5 . 9 1  l _ 1 " . 0 4
6 . 0 8  L 1 . 0 2
6  . 2 5  1 0 . 9 9
6 . 4 3  l _ 0 . 9 7
6 . 6 0  L 0 . 9 5
6 . 7 8  t _ 0 . 9 4
6 . 9 5  t 0 . 9 2
7  . t 2  1 0 . 9 1
'1  . 30  l _0  .  90
7 . 4 7  1 0 . 8 9
7 . 6 4  l _ 0 . 8 8
7  . 8 2  l _ 0 . 8 7
7 . 9 9  l _ 0 . 8 7
8 . L 7  1 0 . 8 5
8 . 3 4  1 0 . 8 5
L  5 1  l _ 0 . 8 5
8 . 6 9  1 0 . 8 s

L Z  . 6 >

l _3 .  l _7
L 3 . 4 4
L 3 . 7 2

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

Cumulative t.ravel t ime =
Prume centerr ine may exhib iE s l ight  d iscont inui t . ies in  t ransi t ion

to subsequent  far- f ie l_d module.

END OF MOD27I: ACCELERATION ZONE OF UNIDIRECTIONAIJ co-FIJoWING DIFFUSER
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EXECUTIVE SUMMARY

A long-term biomonitoring and baseline data documentation program for Lake Michigan was
initiated in 1994 by BP (formerly Amoco Oil Company) in support of the National Poilution
Discharge Elimination System (NPDES) Permit Renewal Application process (ADVENT 1994,
4DVENT 1998). This document reports results for samples collected from May 19g5 to August
2000, which comprise the longterm biomonitoring and baseline database.

Samples were obtained from two study sites in Lake Michigan, representing (1) the location for
a proposed multi-port treated water discharge (53500) and (2) a regional Lake Michigan control
site (C3501). Background biomonitoring data have been documented from physical, chemical,
and biological samples collected during ice-free periods at site 53500 since May 1995. Site
C3501 was established during October 1996. Sites 53500 and C3501 provide spatial and
temporal reference data for southern Lake Michigan at the proposed diffuser location.

Phytoplankton, zooplankton, chlorophyll a, sediment, and benthos samples were collected from
each site concurrent with measured water quality parameters and collection of composite water-
column samples for water chemistry analyses. The two study sites, 53500 and C3501, are
situated approximately 3500 feet northeast of Outfall 001 for the BP refinery in southern Lake
Michigan near Whit ing,  lN.

Key findings from the bioassessrrient collections include the following:

1. Sediment Composition

. The top 10 cm of sediment material at both C3501 and 53500 is 80% sand
and 17% silt. Sand-sized particles dominated at all sites and was relatively
homogenous (variations were about 4-5% within and between study sites).

2. Benthic Macroinvertebrates

o Chironomids, Oligochaetes, snails, and clams were the only organisms
collected at both sites. Aquatic worms (Oligochaeta) and Gastropods (snails;
the genus Valvata in particular) were the most dominant organisms
throughout the biomonitoring program. Early benthos collections were
dominated by aquatic worrns, however, from April 1997 to August 2000 this
dominance shifted as snail abundance increased dramatically, and aquatic
worm abundance decreased concurrently. Richness and density values
indicate a patchy spatial distribution of few organisms. The benthos
assemblages were relatively unchanged from year to year with the above
exception noted.

3. Phytoplankton

o The phytoplankton was moderately diverse exhibiting cell density values
typical of oligotrophic to mildly mesotrophic lake conditions. Diatoms were
the most common group, accounting for a mean of 60% of total cell
abundance. with the exception of August 2000, mean total phytoplankton
density was consistent with expected lake patterns. August 200b densities
were significantly higher at both sites than the database mean density and
can be attributed to a large increase in diatom abundance. Taxonomic
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composition, richness, and diversity values were consistent between yearly
collections. Euplanktonic algae (free-floating attached diatom forms) were
present in the collections, showing the importance of turbulence in re-
suspending benthic algae.

4. Zooplankton

. The zooplankton assemblage consisted of 22 different taxa, including rotifers
(Rotifera) and cladocerans and copepods (Crustacea). Zooplankton richness
and density values were consistent with oligotrophic to mildly mesotrophic
lake conditions. Total density values for August 2000 showed significantly
higher mean densities than any previous year. Rotifers were typically the
most abundant and accounted for nearly half of the total zooplankton
collected.

5. Chlorophyll a, Water Quality and Ghemistry

. Mean chlorophyll a concentration of approximately 1.27 mg/M3 at each site
indicated low nutrient availability at both sites. This result is consistent with
the values for an oligotrophic to mild mesotrophic lake. Water quality values
and water chemistry results were seasonally appropriate, reflect oligotrophic
to mild mesotrophic lake conditions, and do not indicate any degradation or
change in water quality since biomonitoring began. Depth profile
measurements showed no stratification and indicated a complete mixing of
the water column at both C3501 and 53500.
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1.0 INTRODUCTION

BP (formerly Amoco Oil,Company) completed an initial Mixin g Zone Demonstration study in
1994 as a component of a National Pollutant Discharge Elimination System (NPDES) permit
Renewal Application. The Permit Renewal Application (Permit Number 1N000010e1 was
submitted in August of 1994 to the Indiana Department of Environmental Management lfOefU;for the Whiting Refinery facility. This application included a request for a mulGport high-rate
diffuser that is designed to maximize dispersion and mixing, and assure minimai expoJure of
discharge waters to Lake Michigan biota (ADVENT 1994). An important component of the
Mixing Zone Demonstration included results of a short-term (summer 1g94) biomonitoring and
assessment study that indicated the BP treated effluent had no detrimental ecological effelts to
the biota of southern Lake Michigan.

BP initiated a longterm biomonitoring program following submittal of the NPDES permit
Renewal Application to verify the findings of the short-term study and build a baseline
Iimnological database for the proposed multi-port diffuser site. A revised Mixing Zone
Demonstration document, incorporating results of the baseline limnological database from May
1995 through September 1997, was submitted to IDEM (March 1998) to further support and
update the NPDES Permit Renewal Application. This document is a second update oi ine tgg+
Mixing Zone Demonstration document that includes the entire biomonitoring database from
1995 to 2000.

The monitoring program includes the following objectives:

To support and augment the findings presented in the Volume ll (1994 and 1g9g)
NPDES Permit Renewal Application Mixing Zone Demonstrations.

To document the variability of baseline ecological conditions in southern Lake Michigan
and further expand the ecological database for the location of the proposed multi-fort
diffuser.

2.0 STUDY SITES

Two study sites, 33500 and C3501, were chosen to represent Lake Michigan in the region of
the proposed diffuser. The study site locations were selected following a study of thJ area,
including (1) an intensive sonar survey to record bottom topography, (2) a diver-assisted visuai
survey to evaluate substrate homogeneity, and (3) evaluation of diver-collected sediment
samples for visual inspection for homogeneity. A general description for each study site is
given below, and study site locations are shown in Figure 2-1.

In addition to sites 53500 and C3501, a third area identified as Dunes was monitored in June
1996. The Dunes study area was used to compare 53500 and C3501 to an undisturbed,
pristine Lake Michigan site. See Appendix D for Dunes site sample locations, site description,
sampling methods and results.

2.1 53500

Site 53500 was chosen to represent Lake Michigan at the proposed diffuser location. This site
was included in the Attachment 5 Bioassessment Data Summary of Volume ll (ADVENT 1gg4),
the attachment 6 Bioassessment Data Summary of Volume ll (ADVENT iOSa;, and was
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retained as a monitoring study site for the 1997-2000 collections. S3S00 is located
approximately 3,500 feet from BP Outfall 001 along a magnetically corrected compass heading
of approximately 39'at latitude 41" 4_0.976'and longitude 87" 28.093'(Stoller isssa;. Th;
53500 site area is shown on Sheet 29 of National Oceanic and Atmospheric Administration
(NOAA) Recreational C_hart 14926 (January 20, 1990). Geographicat Posiiioning System (cps)
coordinates show the distance to be 0.27 nautical miles (1,640 feet) from the Bpintike buov.
2.2 C3501

Site C3501 was established in 1996 to augmentthe 53500 samples and investigate the spatial
variation in physical, chemical, and biological characteristics for the southern region of Lake
Michigan proposed as the diffuser location. This site is located approximately 3,5b0 feet from
BP Outfall 001 along a magnetically corrected compass bearing of approximately 18. at latitude
41o 41'149'and longitude 87o 28.349'(Stoller 1995a). Site C3-501 is'separated from S3S00 by
a dislance of approximately 1,500 feet along a bearing of 311.5o from magnetic North. The site
C3501 area is shown on Sheet 29 of NOM Recreational Map 14926 (Janiary 20, 1g90).

2.3 Physical Description of General Study Area

Physical characteristics of the study area can be influenced by lake-wide patterns and
shoreline-related effects. Lake-wide currents, seasonal wind patterni, thermal convection, and
Coriolis forces that influenge the deeper open waters of southern Lake Michigan contribute to
the physical conditions at C3501 and 53500. However, in the near shore zone 1up to one mile
from shore) the influence from localized storms in combination with shallow waters more often
affect physical conditions in the study area because of the relative close proximity to the
shoreline. For example, localized storms and wind currents may induce highly variable currents
and turbulence in the shallow near shore waters, but have a negligible 

"tf".t 
on deeper lake-

wide currents or stratification, which are influenced more by seasonll wind and storm patterns.
Shoreline currents mainly follow the direction of the wind and in the case of localized wind
blowing towards the shore will deflect to follow the shore in 28-30 feet of water. This region is in
close proximity to the shoreline and reflects at best a flooded beach. Winds and Jhoreline
currents are likely more pronounced at the study site than for the outer near shore zone of
southern Lake Michigan.

Wind and current at the study area typically result in wave turbulence to the lake bottom and
promote complete mixing throughout the water column at sites C3501 and 53500. The study
site bottom is flat, with sediment dominated by small-grain sand and some silt that is easily
disturbed and re-suspended into the water column. Sediment material suspended in the water
column has resulted in underwater visibility problems and low Secchi disk depths during and
immediately following periods of moderate to strong local winds. Stratification of the ivater
column or formation of a thermocline is short lived, if present. Measurements at the study sites,
eve-n during calm periods, have shown uniform temperature, conductivity, and dissolved o*yg"n
profiles indicating complete mixing of the water column.

The trophic status of southern Lake Michigan has been classified as mesotrophic (Great Lakes
Water Quality Board, 1977). This trophic status is intermediate between an oligotrophic (clear
water, low nutrient concentration, and low biological productivity) and eutrophi-c (nutrieni rich
and highly productive) designation. Measured densities and community composition for
phytoplankton and zooplankton; chlorophyll a concentration; and water qrality and chemistry
parameters from the water column at the study sites coincide with the mesotropnic designation.
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3.0 METHODS

As part of the lon_g-term Lake Michigan biomonitoring program, the following collections were
made at both C3501 and 53500:

. Sediment;

r Benthicmacroinvertebrates;

. Phytoplankton;

. Zooplankton;

r Chlorophyll a;

. Water quality; and,

. Water chemistrv.

3.1 Sediment

Sediment was collected at C3501 and 53500 with the aid of SCUBA using a hand-held coring
device constructed of 2 inch diameter by 8 inch long polyvinyl chloriie (pVC) pipe wit[
removable caps. Open core tubes were pushed into ihe sediment to a depth of 

'4' 
inches

(marked on the core tube), and the exposed end of the tube was capped. The tube containing
sediment was slowly removed and immediately capped on the bottom before sediment materia-i
was lost. Two sediment cores were taken from established grid positions and maintained as
individual replicates.

Grid positions were configured using depth contours and specifications for the proposed multi-
port diffuser mixing z9ne. The grid approach optimized sample collection for a maximum spatial
area. The grid configuration used a benchmark point "B-d" that represented the longitudinal
center of the 90-foot-long diffuser. Two 7S0-foot-long transects (B+ and B-) were established atright angles to the longitudinal axis of the diffuser, and a third (D+) as an extension of the

ints were selected at0, TS, 1ZS,2SO, S00, and
o position being common to all three transects).
)+, and C-) were established from each end of
r to the diffuser axis. Sediment sample points

were selected at 0,25, and 75 feet from the diffuser along these four transects (site O+ZS'neinj
common to zero position of the A+ and A- transects). A total of 28 sample positions wer6
configured' Figure 3-1 shows, as an inset, the general location of d3soo, the overall
configuration of the sampling position matrix, and detiiled sampling positions surrounding theproposed diffuser location.

A sediment characterization study was conducted at 53500 during November 1995 when alt2g
sample positions were used for sediment collection and analyies. A total of 72 sediment
samples were collected at 53500 to evaluate sediment compoiition variation on three spatial
scales: 0-6 inches apart, 3-6 feet 

"p3d 
and 25 feet apart, or greater. Sediment samples

collected to evaluate variation at a 2 inch distance (5 cm) consiited of three replicate cores
taken adjacent (i.e., PVC pipe touching) to each other. These adjacent cores were identified as
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replicates A, B, and C. Samples collected to evaluate variation on a scale of 3-6 feet apart (1.8
meters) consisted of three replicate cores (separated by approximately 3 feet each) taken at
arm-length distance in random directions from the adjacent samples. These samples were
identified as replicates D, E, and F. Four of 28 sample positions were selected for collecting
replicates A through F. Two replicate sediment samples collected approximately 1 meter apart
were obtained at all 24 remaining sample positions shown in Figure 3-1. These samples were
used to evaluate composition variability at 25 feet or greater distance, and to maximize spatial
sampling for sediment composition analyses.

Statistical tests were used to independently determine significance for differences among the
four intensively sampled sites based on replicates A, B, and C (adjacent samples) and based on
replicates D, E, and F (3-6 foot samples). Results of f-tests for statistical differences in mean
percent composition of sand, silt, clay, and gravel between the 0-2 inch samples and the 3-6
feet samples showed the following:

1. No statistical differences were found among the four sampling positions (A-25, 80,
C+25 and 8+750) for mean percent composition of sand, silt, clay, and gravel based
on sediment samples representing 6 square inches (98 cmz) from each sample
location.

2. No statistical differences were found among the four sampling positions for mean
percent composition of sand, silt, clay, and gravel based on sediment samples
representing approximately 6 square feet (0.55 m2) from each sample location.

3. No statistical differences were observed in mean percent composition of sand, silt,
clay, and gravel between samples representing 6 square inches (replicates A, B, and
C) and samples representing 6 square feet (replicates D, E, and F) from the four
identical sample locations.

4. Sample data for replicates A through F collected from sites a-25, BO, C+25, and
8+750 may be combined to represent an area of approximately 7.5 X 104 square feet
to further refine the particle size composition characteristics for the sample site.

5. Statistical test results showed no significant differences in mean percent composition
for each of the particle size categories between the area represented by the 7.5 X 104
square foot area (24 sediment samples) and the remaining sample positions at 53500
(48 sediment samples).

Based on the above findings, a description for the sediment composition was generated using
the entire suite of sediment samples collected 3-6 feet apart from sites A-25, B0, C+25, and
8+750, and all samples from the B- and B+ transect (34 sediment samples). Sediment samples
collected from the D+ transect were not analyzed, and thus, not used to characterize the
sediment composition at 53500.

The sediment survey indicated the number of sediment samples could be reduced without loss
of information due to the relative homogeneity of the sediment. However, a large spatial area
was needed to adequately characterize the benthos community assemblage. During June
1996, sedimentwas collected from 33500 at 75, 125,250,500 and 750 feet along the b+, B-,
and D transects and sites A0, 80, and C0 for a total of 18 sample positions. This -onfiguration
of sites resulted ih a sampling area of approximately 12.9 acres (5.2 ha) spanning a distance of
1500 feet. This same sampling scheme of 18 sample positions was repeated at C3501 and
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S3500 during October 1996, April 1997, October 1997, and August 1998. ln August 19gg,
samples were taken atten locations a|75,125, and 250 feet along the B+, B-, and D transects
and at site B0. Only three locations at 25 feet along the B+, B-, and D transects were used to
collect samples in August 2000.

The ADVENT Group, Inc. (Brentwood, TN) analyzed sediment material for particle size
distribution following benthic organism analyses and receipt of sediment material from
Commonwealth Biomonitoring. Sediment material from each sample position was completely
mixed then analyzed using ASTM tttteJlo! D421 (sieve method) for partictes 75 microni lprjand larger, and ASTM Method D422-63 (hydrometer) for silts and clays. Size determinations
were based on the Wentworth-Krumbein-Udden size classification for sediment grains.

Descriptive statistics, including the arithmetic mean and standard deviation were derived for
gravel, sand, silt, and clay fractions determined from the sediment analyses. Site-specific
sediment data were compared to the minimum, mean, and maximum valuej between sites and
the database (stoller 1995b, stoller 1gg6a, schafer 1997, schafer 1g9ga).

3.2 Benthos

Benthic macroinvertebrate collection methods were the same as for sediment described above.
Additional core samples were collected for benthos analysis only from S3S00 during November
1995 at positions B+75, B-75, 8+250, 8-250, 8+750, D+75 and D*500 in order to-adequately
represent the sampling area spatially. The November 1995 sampling scheme was altered to
include 18 sediment sample positions (Figure 3-1) in subsequent sam[ting periods to verify the
1995 results that indicated a highly variable and patchy distribution ior tne benthos. gehtnic
macroinvertebrate core samples were obtained from all 18 sampling positions during June
1996, which further expanded the spatial range of the benthos sam[les. Some .lun6 tggO
benthos samples contained one or zero organisms, and extrapolation of low density to
commonly used units, such as number of organisms per meter, would be inappropriate and
inaccurate. To better account for the variation in patchiness for the benthos, two sediment core
samples were collected approximately 1 meter apart from each of the 18 sample positions and
used for benthos evaluation during October 1996, April 1997, October 1gg7, and August 1ggg.
Benthos sampling locations conformed to that of the sediment in both August 19g9 and 2000.
This sampling scheme of 36 benthos samples was conducted at both site,sl Two samples were
retained from each grid position to increase the sampled volume to approximately'+tO cma,
reducing the number of cores with zero organisms and maximizing'sampling-efficiency.
Sediment material from each core tube was transferred to a 7S0 mL plistic storage container
upon return to the research vessel. A 3 mL aliquot of 3o/o formalin solution was Ldded to all
sediment samples to preserve benthos organisms prior to shipment to Commonwealth
Biomonitoring, Inc. (lndianapolis, lN) for organism identification and enumeration.

Descriptive community structure parameters related to taxonomic richness, organism density,
and diversity were determined for the benthic macroinvertebrate data. Oenlity values aie
expressed as the number of organisms per square meter (organisms/m2) which best conforms
to convention. However, density values should be cautioully in,terpreted due to the small
sample size and the extremely patchy and variable nature of benthic macroinvertebrate
distribution in Lake Michigan. Summary statistics were used to show differences in composition
of the major taxonomic groups, and statistical tests were used to determine the level ofsignificance for richnegs and density between sites s3500 and c3501. In addition, sample
means were compared to the overall benthic macroinvertebrate database.
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3.3 Phytoplankton

A depth-integrated composite of the water column collected at position "80" was used to obtain
grab samples for phytoplankton analyses. The composite water sample was retained in a large
bucket into which water was pumped from a submersible pump attached to a hose that wis
slowly lowered and raised from the water surface to 0.5 m above the bottom. The compositing
bucket contained sufficient volume for grab samples consisting of (a) a single 1.0 liter (L) plastic
bottle for phytoplankton, (b) two 1.0 L amber plastic bottles for chlorophyll a analyses, (c) two
1.0 L plastic amber bottles for phytoplankton biomass determination (1998 and 19gg), and.(d) a
full set of water chemistry sample bottles. The water column was again composited for each
replicate sample. Three replicate samples were collected at both 53500 and C3501 for the
years 1995 through 1999.

In contrast to the above methodology, August 2000 phytoplankton samples were collected by
grab samples from mid-depth of the water column. Long-term biomonitoring studies at the
53500 and C3501 study sites have consistently shown complete mixing of the water column.
Wind conditions at the time of sampling promoted mixing, and in sifu water quality
measurements indicated that mid-depth samples likely represent the entire water column. Mid-
depth level was determined by depth gauge and samples were obtained by SCUBA diver.
Plastic 1.0 L sample bottles were carried to the mid-depth level (12 feet) priorto removing the
sample bottle top. Three replicate 1.0 L phytoplankton samples were collected at both 53500
and C3501 for phytoplankton biovolume determination.

Phytoplankton identification samples were preserved with approximately 1.0 mL Lugol's
preservative and stored on ice until transport to ADVENT for analyses. Phytoplankton samples
were concentrated to a measured volume (near 10 mL) by removing excess water following a
24 hour minimum settling period. ldentification and enumeration of non-diatom algal forms were
then conducted with the aid of a Palmer-Maloney counting chamber (volume 0.1 mL) using a
Wild compound microscope at 400X and 500X total magnification.

Phytoplankton biomass samples were immediately stored on ice without preservation following
collection and shipped overnight to Chadwick & Associates, Inc. (Littleton, CO.). Phytoplankton
biomass (milligrams per cubic meter [mg/M3]) was determined by weight of the sample residue
folfowing filtration through a pre-weighed 0.45 pm membrane filter. In August 2OOO, however,
phytoplankton biovolume was measured. Phytoplankton biovolume (cubic micrometers per
milliliter [pm3/mL]) measurements are convenient in that they can be converted to either an
estimate of wet weight biomass (g/ml) by a factor of 1.03 (based on the specific gravity of
algae), or to an estimate of organic carbon (in gm/mL) by a factor of 0.06. Blovolume
measurements also account for weight added by preservation in Lugol's solution.

Diatom cells were cleaned by organic digestion with hydrogen peroxide catalyzed by potassium
dichromate crystals followed by a complete removal of chemical residue by replacement with
de-ionized water. A suspension of cleaned diatoms in de-ionized water was allowed to air dry
on a microscope cover slip prior to permanent mounting on a microscope slide using high
refractive index mounting media. Diatom frustule identification and enumeration was conducted
at 1000X to 1200X total magnification using oil immersion sub-stage condenser and objectives.
Three permanent diatom slides were prepared from each replicate phytoplankton sample. A
minimum of 600 diatom frustules were identified and counted per replicate. Diatoms were
enumerated as a group during the non-diatom analyses to estimate diatom density.

ADVENT 01 534 \l lRrevisedreoort.doc



Long-Term Lake Michigan B iomonitoring 04/03/02

Phytoplankton descriptive statistics, representing total cell density, diatom cell density, algae
group relative percent abundance, diatom assemblage diversity, unO diatom richneis w-ere
determined for each replicate and used to compare SSSOO and C3501. Biomass estimates of
the phytoplankton collections were determined forsamples collected in late summer 19gg and
1999' Biovolume estimates were determined for phytoplankton samples collected in 2000. A
baseline biomonitoring database reflecting the near shore area oi southern Lake Michigan
selected for the diffuser site consists of the 53500 and C3501 sample results from May 1gg5 to
August 2000.

3.4 Zooplankton

Zooplankton samples were collected from the "80" position of the sampling grid by a vertical net
tow. The cylindrical plankton net of 80 pm mesh with a 0.5 m diameter operiing, ind a length to
opening ratio of 5.1 to 1, was equipped with a removable 80 pm mesh plankton bucket that
concentrated collected organisms and allowed for easy transfer to sample containers. Vertical
tows were made by lowering the net to approximately 0.5 m above the iake bottom followed by
slow retrieval to the water surface. The contents of the plankton net were washed into the
plankton bucket and transferred to a 250 mL plastic storage bottle. A total of three replicate
samples consisting of a single vertical tow of 20 feet per replicate were collected at 53500 and
C3501. Zooplankton samples were narcotized with club soda for no less than S minutes prior to
preservation with 3% formalin. Samples were stored on ice and shipped to Chadwick &
Associates (Littleton, CO) for analyses. Zooplankton samples were sub-sampled for organism
identification and enumeration purposes, and the entire sample filtered through an g0 pri mesh
pre-weighed screen to determine biomass. Enumeration data was uied to determine
zooplankton density expressed as number of organisms per cubic meter (No.iM3). Zooplankton
biomass (mg/M3) was determined by weight oi tne zooplankton residue following a 24 hour
minimum drying period at 105 'C for each of three consecutive identical weights. Biomass was
reported in 1998, 1999, and 2000. Additionally, zooplankton biovoluire (pm3/ml) was
measured in 1998, 1999, and 2000.

Zooplankton species group composition and community descriptive statistics were determined
for the zooplankton assemblage and used to compare sites 53500 and C3S01. Sample means
were compared to the database for samples collected from May 1gg5 to August 2000.
3.5 Chlorophyl la

Chlorophyll a samples were obtained from a composite of the water column at position ,,B0,, as
described for phytoplankton in Section 3.3 above. A total of 2 liters per replicate chlorophyll a
sample were retained to ensure sufficient residue was available foi analysis because of the
oligotrophic to mesotrophic nature of Lake Michigan. Five replicate grab samples for chlorophyll
a were retained for^analyses during May 1995 for both sites. Six replicate samples were
collected from 53500 during June 1996. Three replicate chlorophyll a samples were collected
from C3501 and S3500 between October 1996 and August 200b. 

-Chlorophyll 
a samples were

immediately fixed with a suspension of magnesium carb-onate and stored on ice after collection.
Chlorophyll a samples were packed with ice and shipped for overnight delivery to Chadwick &Associates, Inc. (Littleton, CO) for analyses.

Chlorophyll a concentrations were determjned lslng spectrophotometric methods following
filtration and 24 hour acetone extraction (method 10200[Hj, APHA). Optical density readings oi
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750 nanometers (nm) were used for background turbidity correction and 663 nm was used for
calculation of chlorophyll a in mill igrams per cubic meter (mg/M3),

3.6 ln situ Water Quality

A Series lll multi-parameter probe and transmitter (Hydrolab, lnc.) was used to determine depth
profiles for pH (s.u.), conductivity (pmhos/cm), water temperature ("C), and dissolved oxygen
(mg/L). Determinations were made at each site from sample point B0 at 3 foot (1.1 meter)
intervals from the lake bottom to the surface.

3.7 Water Chemistry

Water chemistry samples were obtained from a composite of the water column at position B0 as
described for phytoplankton in Section 3.3. One composite water column sample was analyzed
for water chemistry parameters at both C3501 and 53500 during May 1995. Two replicate
samples were retained for water chemistry analyses at 53500 during June 1996. Two replicate
water chemistry samples were collected and averaged from C3501, and one water chemistry
sample was retained for analysis from 53500 during October 1996. One water chemistry
sample was collected for analysis at each of C3501 and 53500 during April 1997, September
and October 1997, August 1998, and August 1999. One mid-depth grab sample was taken in
August 2000. All water chemistry sample containers were stored in the dark on ice and shipped
for overnight delivery to ACZ Laboratories (Steamboat Springs, CO).

3.8 Data Analyses

Mean values, standard deviation (s.d.), or 25th and 75th percentile limits were determined for
sediment composition categories and selected numerical and community structure descriptive
statistics. All results were also compared to the existing database compiled for the study area
that includes information from previous sediment characterization studies (Stoller 1995a) and
biomonitoring studies (Stoller 1995b, 1996a, Schafer 1997). Comparisons of mean density,
species richness, and community composition descriptive parameters for phytoplankton,
zooplankton, and benthos samples collected were also compared to the existing database
complied for the study area. Box plots indicate the median value as well as the 25th and 75th
percentiles of the data. Statistical significance for differences between mean density or
richness values was determined by using the appropriate form of the f-test. Statistical tests
were not used when graphical representation of the data clearly showed no difference in results
for the study sites and the range for the existing database.

4.0 RESULTS

4.1 Sediment Composition

Sediments from the sample sites can be described as fine-grained sand with silts that exhibit an
even spatial distribution. Analyses indicated that sand-sized particles (4.74 millimeters [mm] to
0.75 mm diameter) were the dominant component of the lake bottom material. Sand particles
accounted for a mean composition of 80% with an observed range from 49o/o to 94%. Silt
particles (0.074 mm to 0.005 mm diameter) were the next most common particle size and
accounted tor 17% of the sediment composition, ranging from 3% to 50%. Clay particles (less
than 0.005 mm diameter) were a minor component of the sediment, consisting of 2o/o of the
sediment, and ranged from 0% to 19%. Gravel-sized particles occurred intermittently and were
observed in 112 of 228 sediment samples. Gravel exhibited a mean composition of less than
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1Yo and a maximum of 11.4%. Figures 4-1a through 4-1d show the sediment composition data,including the database mean percent abundanie value and the database minimum andmaximum for each particle size category. The percent composition data for each sedimentsample is presented in Appendix A:

Table 4-1 shows the mean, minimum,.and maximum percent abundance of each particle sizecategory for each site as well as the database mean.

4.2 Benthos

Benthic macroinvertebrate analyses consistently indicated an assemblage of low richness,density, and diversity with an overall patchy spitiat distribution. A total of 323 benthos coresamples were analyzed from May 1995 to August 2000. The most abundant organismscollected were oligochaetes (aquatic worms) arid Gastropods (snails). These two classesaccounted for 620/o of total organisms sampled. Benthos community composition descriptiveparameters are shown inTable 4-2.

Aquatic worms as a group accounted for 37.5o/o of the organisms at s3500 and 42.4% of theorganisms at C3501 (39.8% overall). Snail abt
collected at both sites, as compared to both
Chironomids (aquatic flies; 14.5o/o). Figure 4-2
composition for the database from 1995 to 20C
indicate the spring and late summer variation an

Sample richness values ranged from 0 to 12 taxa with mean richness values o'f 4 taxa at both53500 and C3501. Figure 4-4 shows the site-specific minimum, mean, and maximum richnessvalues in comparison to the database mean, minimum, and maximum richness for samplescollected from 1995-2000' Richness values within this range have consistenly been observedin samples from 53500 and C3S01 (Figure 4_4).

5 graphically presents the benthos data for b
comparison and comparison to the benthos data

Benthos community diversity values measured
Simpson's Diversity Index indicated low commur
to 2.2 (Shannon-Wiener Index) and 0.0 to 1.0 (t
note, however, that the Shannon-Wiener Divers
are below 10. Mean diversity values for the oitabase are shown in Table 4-2. Figure 4-6shows the minimum, maximum, and mean Simpson's Diversity Index values for 53500 andc3501.

Appendix B lists the organisms found at each sample site during the 1gg5-2000 biomonitoringprogram.

4.3 Phytoplankton

The phytoplankton was moderatery diverse and exhibited
oligotrophic to mirdry mesotrophic rake conditions. seven

cell density values typical for
major groups of algae were
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represented and include the diatoms (Bacillariophyta), green algae (Chlorophyta), blue-green
algae (Cyanophyta), yellow-green algae (Chrysophyta), euglenoids (Euglenophyta),
dinoflagellates (Pyrrhophyta), and cryptomonads (Cryptophyta). Diatoms were the most
common group, which accounted for a mean of 58.4oh and a range of 27.9o/o to 92.1% of total
cell abundance. Among the soft algae groups (non-diatom taxa), green algae were the next
most abundant with a mean cell abundance of 15.7% followed by the yellow-green algae
(13.0%), dinoflagellates (3.2%), and the blue-green algae (3.9%). Table 4-3 shows the
phytoplankton community characteristics for Lake Michigan from 1995 through 2000. In
addition, Figure 4-7 provides the site-specific percent abundance for each major phytoplankton
group. A taxonomic listing for the soft algae and diatoms is presented in Appendix B.

Richness for the soft algae ranged from 6 to 21 taxa with a mean of 13 taxa from a total of 77
taxa identified (Table 4-3). The yellow-green algae Dinobryon sociale variety americum, lhe
green algae complex Chlorella/Chlorococcum humicola and Chlamydomonas sp., and the
dinoflagellate Chroomonas nordstedtii, were the most abundant soft algae forms and
demonstrated seasonal succession in the lake. Dinobryon and Chlorella/Chlorococcum were
more abundant during the spring and Chlamydomonas and Chroomonas tended to be more
abundant during the fall sampling periods.

Diatom richness ranged from 17 to 55 taxa with a mean of 37 taxa from a total of 168 taxa
identified (Table 4-3). Figure 4-8 shows the site-specific diatom richness values compared to
the overall database mean, minimum, and maximum. Diatom taxa commonly encountered
include Asterionella formosa, Diatoma tenuis and the variety elongatum, several varieties of
Fragilaria capucina and Fragilaria construens, and species of the genera Nitzschia,
Ste p h anodi scus, and Cycl ote I I a.

Totaf phytoplankton density ranged from 244 to 7,432 cells per milliliter (cells/ml) with a mean
of 1,294 cells/mL. Figure 4-9 shows the site-specific total phytoplankton density values for Lake
Michigan from 1995-2000. Total phytoplankton density, or standing crop, was relatively
consistent with the expected lake patterns throughout the biomonitoring program with the
exception of 1997. The 1997 standing crop was abnormally low and did not exhibit the
expected peak during spring for algal standing crop. Figu re 4-10 shows the 1997 phytoplankton
data as compared to a typical lake phytoplankton standing crop pattern represented by the 1998
sample year.

Phytoplankton biomass results ranged from 150 to 6,725 mg/M3, with a mean of 2,930 mg/M3.
Although mean phytoplankton biomass was higher at C3501 (3,013 mg/M3) than at 53500
(2,848 mg/M3), site-specific biomass values fell within the same range in both 1998 and 1999.
Additionally, phytoplankton biovolume averaged 1,970,889 pm3/mL in August 2000, ranging
from 1,092,885 to 2,446,341 prm3/mL. This level of variability is not uncommon when measuring
phytoplankton biovolume. Site-specific phytoplankton biomass and biovolume values are
shown as compared to the database values in Table 4-3. Appendix B provides a list of all
measured biomass and biovolume values.

Soft algae samples were never as diverse as the diatom assemblage in contrast to what the soft
algae species list in Appendix B may suggest. However, it is more common to focus on the
diatom assemblage diversity since diatoms represent the major component of the
phytoplankton. The diversity of the diatom assemblage was always greater than that of the soft
algae. The diatom assemblage mean value for Simpson's Diversity was 0.11 with a range of
0.25 depicting the lowest diversity to 0.04 for the highest diversity. Shannon-Wiener Diversity
values forthe diatom assemblage ranged from 1.76 to 3.40 with a mean value of 2.71. The
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diatom assemblage diversity values are representative of moderate to high diversity for the
number of taxa observed. Figure 4-11 depicts the site-specific Shannon-WiJner Oiverjity Index
data and the mean value for the entire diatom assemblage.

The temporal distribution of mean phytoplankton abundance for the major algae groups by
sampling period is shown in Figure 4-12a and 4-12b.

4.4 Zooplankton

The zooplankton assemblage consisted of 22 different taxa, which included rotifers (Rotifera)
and cladocerans and copepods that represented the Crustacea. Zooplankton rirnn".r,
diversity, and total density values, with the exception of the August z0bo samples, were
consistent with oligotrophig to mildly mesotrophic lake conditions. dotifers were typically most
abundant and accounted for a mean of 46.3% and range of 0o/o to 100% of total zooplinkton
abundance. Copepods accounted for a mean of 39.7o/o of total abundance and cladocerans for
14.2%. Table 4-4 shows the Lake Michigan zooplankton community characteristics from 1995-
2000' Mean richness was 5 taxa with a range of 1 to 10 taxa. Actuil zooplankton richness may
be slightly higher because the determination of richness values included immature specimeni
that could not be classified. However, based on the mature specimens in the sampies at the
time of collection, any increase in taxa from among the immatuie life stages would be minimal.
Figure 4-13 depicts the site-specific zooplankton richness values. Appendix B lists the
zooplankton taxa and abundance data for all the collections.

Zooplankton density ranged from a low of 2 organisms to a high of 131,785 organisms per cubic
meter (No./M3) with a mean density of 1 1,463 No./M3. The asiemblage was fiignty variable with
respect to abundance within each group between sample replicates. Tota-l density values
among replicates were usually similar although typically were higher during late summer and
fall. Early summer and spring samples contained the highest nr.imber of c6pepod nauplii and
copepodids that could not be identified to genus. Figure 4-14a and b show ihe site-specific
zooplankton mean density values for 1995-1g99 and 1gg5-2000 respectively.

A review of Figure 4-14b indicates that the composition of the August 2000 zooplankton
assemblage includes nearly a 30-fold increase in zooplankton mean Oeniity as compared to the
1995-1999 sampling period. The significantly higher zooplankton density levels can be
attributed to a greater density of rotifers, and to a lesser degree cladoceran organisms, while
the density of copepods was similar to the database. The high density of zooplankton for the
year 2000 coincided with a 3O-year low-lake level.

Zooplankton biomass values ranged from 0.01 to 155.17 mg/M3 with a mean of 1g.13 mg/M3
from June 1998 to August 2000 (Table 4-4). Zooplankton exhibited the highest biomass values
at both_sites during August 1999, although the greatest zooplankton deisities were found in
August 2000. Site-specific zooplankton mean densities were not statistically different.

Zooplankton biovolume averaged 307.44 pm3/ml from June 1998 to August 2000 and ranged
from 0.36 to 2,949.43 pm3iml. Mean zooplankton biovolume was higier at C3501 than at
s3500 (Table 4-3). site-specific biovolumes are shown in Appendix B.

Zooplankton diversity values were determined with the inclusion of immature specimens that
could not be classified because it was believed the immature specimens likely represented apulse bloom of a single taxon within the organism group. Simpson's Diversity lndex values
ranged from 0.19 to 1.00 on a scale of 1.00 for no divrersiiy to 0.00 for maximurndiversity. The

ADVENT 01 534 \llRrevisedreport.doc
1 1



Long-Term Lake Michigan Biomonitoring 04/03/02

mean Simpson's Diversity Index value for the zooplankton was 0.58. Shannon-Wiener Diversity
Index.values ranged.from 0.00, depicting an assemblage with no diversity, to a value of 1.73
depicting moderate diversity for the number of taxa typ-ically represented'by the zooplankton.
Again, it is important to note that the Shannon-Wiener Diversity Index is not accurate when
richness values are below 10. Abundance values of naupli i copepods for all samples collected
during April 1997 were well in excess of abundance values for other organisms and abundance
values of nauplii observed in previous samples from the study sites. As a result, Simpson,s
Diversity and Shannon-Wiener Diversity values for the April 1gg7 zooplankton samples
reflected the lowest diversity measures.

4.5 Chlorophyll a

chlorophyll a concentrations ranged from 0.1 1 to 4.27 mg/M3 with a mean value of 1.27 mg/M3
(Figure 4-15). The mean concentration is consistent with oligotrophic to mildly mesotrophic lake
conditions and the phytoplankton and zooplankton samplesiollected from th-e study siies. lt is
important to note that the chlorophyll a concentrations from the study sites are expressed by
convention as mg/M3, and two liters of sample water per replicate were necessary to achieve i
reliable analytical result. These two factors provide further evidence of the oligoirophic nature
of the study sites. Appendix C lists the chlorophyll a concentration data for eac-h study site and
sampling period.

4.6 ln situ Water Quality

Field determined water quality parameters indicate that complete mixing of the water column
occurs at C3501 and 53500. Determinations of dissolved oxygen show iprofile of saturation or
near saturation from the surface to the bottom. Differences in conductivity determinations from
the surface to the bottom were absent or negligible. Temperature diffbrences between the
surface water and water at the lake sediment surfbce were typically less than two degrees ("C)
and attributable to warming effects of ambient air near the top of the water column. tn situ water
quality measurements are presented in Appendix c. Table 4-5 is a summary of the field-
determined water quality and shows the mean, minimum, and maximum valuei by depth for
each of the parameters measured.

4.7 Water Ghemistry

Water chemistry values determined by laboratory analyses for samples collected from the study
sites are within values expected for southern Lake Michigan. Nitrogen and phosphorus relatei
analytes exhibited some variability at concentrations near or below analytical detection limits
and are consistent with oligotrophic to mild mesotrophic nutrient conditioni. Concentrations for
!h9 major nitrogen and phosphorus related nutrients were generally less than 0.5 mg/L.
Additionally, concentrations of major ions and dissolved constituenis are consistent with
oligotrophic to mild mesotrophic lake conditions. A summary table of mean, minimum, and
maximum values for the water chemistry analytes and chlorophyll a concentrations is presented
in Table 4-6. Water chemistry results from water samples coilected from a composite of the
water column at each sample site are presented in Appendix C.
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5.0 CONCLUSIONS

5.1 Sediment Gomposition

The composition of the top 10 cm of sediment material at C3501 and 53500 consists of
approximately 80% sand and 17% silt coupled with minor contributions of gravel and clay (Table
4-1). Particle size distribution shows a 4-5o/o variation among same-site iamples and beiween
study locations which indicates a patchy distribution with respect to the presence of gravel and
clay. Temporal changes in overall sediment composition among all sampling periodi were not
observed for either 53500 or C3501. The sediment information supports a iharacterization of
the study area as a large flat zone of unconsolidated sand and'silt conducive to disturbed
surface materials and rippled surface topography with little to no slope in 28-30 feet of water.

5.2 Benthos

The benthic macroinvertebrate community (organisms living on and in the sediments) at C3S01
and 53500 is highly variable and patchy with respect to spatial and temporal measures. The
uniform, sandy bottom composition and constant disturbance at the sediment surface from
currents and wave action create an unstable and harsh habitat. Therefore, the benthic
organisms are subjected to continuous habitat disruption and abrasion from the bottom material.
B_enthos sampling has found midge larvae (Chironomidae), aquatic worms (Oligochaeta), snails
(Gastropoda), and small clams (Pelycepoda), but little eise. The exotic Zebra 

'mussel

(Dreissena polymorpha) has been infrequently collected, and when found, the sample typically
included an attachment site such as gravel or buried wood debris.

Two notable changes in benthos community composition have taken place over the 6 year
study' First, snail density was substantially increased during the April 1997 sampling period,
and their densities have continued to rise. In both August 19gb and 2000,'rnrTtr lOurirepresented by the genus Valvata) accounted for roughly 80% of the benthic organisms at both
si!99' as compared to comprising approximately qg% of the organisms in 199g and less than
15% before April 1997. In contrast, aquatic worms have continually decreased in abundance
since 1995, in which they constituted approximately 61% of the bent-hos community. In August
2000, aquatic worms accounted for only 160/o of ihe organisms at 53500 and T6/o at CSSO1.
With the above exceptions noted, taxonomic composition and low richness and density values
were consistent among all collections.

Lastly, it is important to note that the genera Harnischia, Tanytarsus, and proc,ladius of aquatic
fly (Chironomidae), typically found in clean water and unpolluted sediment habitats, were
observed in core benthos samples collected dur
time, these genera were proposed as possible
been observed in any subsequent collections.
indicator taxa and towards a dominance of s
degradation of the sediments. Sampling variability in a highly patchy distribution of organisms,
combined with the turbulence-disturbed sediment surface and a sediment composition
dominated by sand, can account for an absence of soft-bodied Chironomidae in the samples.

5.3 Phytoplankton

Diatoms dominated the phytoplankton assemblage. Taxonomic composition, richness, and
measures of diversity for non-diatom and diatom components were consistent for allphytoplankton collections. However, mean phytoplankton total density values at C3501 and
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53500 for August 2000 were statistically greater than the database mean phytoplankton
density. A greater abundance of the diatom component accounted for this overall increase in
total phytoplankton density. The diatom assemblage exhibit higher diversity values than either
benthos or zooplankton because of their greater richness values and the large number of taxa
with similar abundance.

Planktonic algae dominated the phytoplankton assemblage. Common planktonic algae
included centric diatom genera (Cyclotella and Sfephanodlscus) and select species of chain-
forming and colonial diatoms (Asterionella, Fragilaria and Synedra). These taxa were common
in previous collections from the study sites and their dominance patterns correspond with typical
Lake Michigan seasonal succession (Barbiero and Tuchman 2000). The presence of
euplanktonic taxa in the assemblage provides evidence that turbulence in the water column is
the likely mechanism for re-suspension of benthic algae into the plankton. However, in the
near-shore region of the study sites it is possible that inflow from local streams and runoff can
also introduce euplanktonic taxa.

Spring and fall phytoplankton abundance and species composition for the 53500 and C3501
samples generally correspond to expected seasonal patterns in the near shore and more akin to
deeper waters. A general successional pattern for stratified lakes shows phytoplankton
numbers to increase in spring due to nutrient replenishment from spring overturn, warmer
temperatures, and longer daylight hours. Diatoms tend to dominate the spring assemblage. The
total phytoplankton standing crop decreases during summer, but can show a relative increase
due to blue-green algae in late summer until fall overturn. The fall period is characterized by a
second pulse in diatom biomass before a general decrease in total phytoplankton standing crop
during the winter ice season. During winter, dominant forms generally include cryptomonads,
mobile chrysophytes, and diatoms.

5.4 Zooplankton

Zooplankton samples were dominated by rotifers, but also included species of copepods and
cladocerans. All organisms identified were commonly observed throughout the biomonitoring
program. Zooplankton community structure data is highly variable with respect to composition
and abundance because of the patchy distribution of the communities and relatively immediate
response to changes in environmental triggers such as algae blooms, temperature, light, and/or
chemical variations. Samples that contain obvious effects of shortterm reproductive events are
typical and may account for the significant increase in rotifer organisms in many samples. For
example, in September/October 1997 the number of copepodids and crustacea nauplii
accounted for a mean of approximately 56% of the zooplankton organisms at both sites (Stoller
1997), while rotifers dominated the assemblages in October 1996, August 1998, August 1999,
and August 2000 (Schafer 1998a, Schafer 1999a, Shepherd Miller 2000).

Variability in zooplankton richness and density was expected because of the many factors
(currents, temperature, light, food availability, and predation) that influence zooplankton
distribution and periods of reproduction as mentioned. Because of the highly variable nature of
zooplankton communities, especially in a physically turbulent habitat such as present at the
sampling locations, the collection methods and analyses used here focus on the overall
zooplankton assemblage. This approach maximizes the ability to detect composition
differences at two locations at anv one time.
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5.5 Chlorophyll a, in sifu Water Quality, and Water Chemistry

The chlorophyll a data are consistent with the water chemistry results and indicate low nutrient
availability and oligotrophic lake conditions. Field-determined water quality parameters indicate
that complete mixing of the water column occurs at C3501 and S3S0d. Determinations of
dissolved oxygen show profile of saturation or near saturation from the surface to the bottom.
Differences in conductivity determinations from the surface to the bottom were absent or
negligible. Temperature differences between the surface water and water at the lake sediment
surface were typically less than two degrees ("C) and attributable to warming effects of ambient
air near the top of the water column.

Water chemistry values determined by laboratory analyses for samples collected from the study
sites are within values expected for southern Lake Michigan. Nitrogen and phosphorus related
analytes exhibited some variability at concentrations near or below analytical detection limits
indicating oligotrophic to mild mesotrophic nutrient conditions. Laboratory iesults agree with the
field-measured water quality data and indicate clear, slightly alkaline waters with low to
moderate hardness and low nutrient availability.
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FIGURE 4.2.LAKE MICHIGAN BENTHOS
RELATIVE MEAN ABUNDANCE BY GROUP 1995-2OOO
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FIGURE 4.7. LAKE MICHIGAN
PHYTOPLANKTON

RELATIVE MEAN ABUNDANCE
BY MAJOR ALGAE GROUP
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Long-Term Lake Michigan Biomonitoring 04/03/02

Appendix A

Sediment



APPENDIX A. PROPOSED DIFFUSER SITE SEDIMENT CORE DATA

Date Location Site Pct. Glav >ct. Grave Pct. Sand Pct. Silt
Nov-95 s3500 A-25 4.49 0.00 85.76 9.75
Nov-95 s3500 B+1 25 4.65 0.00 81.71 13.64
Nov-95 s3500 B+250 4.64 0.30 78.76 16 .30
Nov-95 s3500 B+25 4.01 0.05 82.40 13.54
Nov-95 s3500 B+500 4.01 0.00 75.35 20.64
Nov-95 s3500 B+750 2.72 0 . 1 0 75.53 21.65
Nov-95 s3500 B+75 2.56 0.00 84.31 1 3 . 1 3
Nov-95 s3500 B-125 4.49 0.60 67.18 27.73
Nov-95 s3500 B-250 3.20 0.00 77.94 18.86
Nov-95 s3500 B-25 4.81 0.85 67.86 26.47
Nov-95 s3500 B-500 4 . 1 7 0.60 70.15 25.08
Nov-95 s3500 B-750 4 . 1 7 0.00 79.89 15.94
Nov-95 s3500 B-75 3.52 0.00 70.18 26.30
Nov-95 s3500 BO 3.20 0.00 79.59 1 7 . 2 1
Nov-95 s3500 C+25 4.68 0.05 78.33 16.94
Nov-95 s3500 A-2s 2.24 0 . 1 0 78,55 1 9 . 1 1
Nov-95 s3500 B+125 3.68 0.00 69.84 26.48
Nov-95 s3500 B+250 2.56 0.45 83.33 13.66
Nov-95 s3500 B+25 2.24 0.00 B'1.90 15.86
Nov-95 s3500 B+500 4 . 1 7 0.00 77.43 18.40
Nov-95 s3500 B+750 1 . 6 0 0.00 76.51 21 .89
Nov-95 s3500 B+75 2.88 0.00 80.36 16.76
Nov-95 s3500 B-125 3.20 0.00 78.79 18 .01
Nov-95 s3500 B-250 1 . 9 2 0.30 85.34 12.44
Nov-95 s3500 B-25 3.04 0.25 81.57 15.14
Nov-95 s3500 B-500 2.88 0.20 79.37 17.55
Nov-95 s3500 B-750 4.49 0.00 7 7 . 1 7 18.34
Nov-95 s3500 B-75 2.56 0 . 1 0 82.51 14.83
Nov-95 s3500 BO 4.81 0.40 74.65 20.14
Nov-95 s3500 C+25 1.60 0.80 78.47 1 9 . 1 3
Nov-95 s3500 A-25 4.81 0.05 80.93 14.21
Nov-95 s3500 B+750 1 . 7 6 5.36 79.71 13.17
Nov-95 s3500 BO 3.20 0.05 84.02 12.73
Nov-95 s3500 C+25 4.81 0.00 72.24 22.95
Jun-96 s3s00 AO 3.37 1 1.36 73.26 12.O1
Jun-96 s3500 B+125 2 . 1 1 0.00 77.66 20.23
Jun-96 s3500 B+250 1 . 9 8 0.98 68.69 28.35
Jun-96 s3500 B+500 1 . 0 1 0.00 85.22 13.77
Jun-96 s3500 B+75 2.64 0.00 79.47 17.89
Jun-96 s3500 B+750 0.91 0.00 80.91 1 8 . 1 8
Jun-96 s3500 B-125 0.90 0.45 80.28 18.37
Jun-96 s3500 B-250 0.99 0.00 80.41 18 .60
Jun-96 s3500 B-500 2.79 0.30 81.57 15.34
Jun-96 s3500 B-75 2 . 1 7 0 . 1 0 78.86 1 8 . 8 7
Jun-96 s3500 B-750 1 .20 0.00 81 .30 17.50
Jun-96 s3500 BO 1 . 1 9 0,00 84.44 14.37
Jun-96 s3500 c0 1.85 0.00 75.86 22.29
Jun-96 s3500 D+125 0.95 0.00 82.73 16.32
Jun-96 s3500 D+250 1 .87 0.05 74.63 23.45

Page 1 ofS



APPENDIX A. PROPOSED DTFFUSER SITE SEDIMENT CORE DATA

Date Location Site Pct. Glav tct. Grave Pct. Sand Pct. Silt
Jun-96 s3500 D+500 1.69 0.00 7 1 . 1 1 27.20
Jun-96 s3500 D+75 2.00 0.00 84.55 13.45
Jun-96 s3500 D+750 0.85 0.00 77.89 21.26
Oct-96 s3500 AO 0.36 0.40 7 1 . 3 6 27.88
Oct-96 s3500 B+125 0.66 0.00 68.51 30.83
Oct-96 s3500 B+250 1 . 4 1 0.00 72.86 25.73
Oct96 s3500 B+500 2.00 0.25 7 1 . 5 8 26.17
Oct-96 s3500 B+75 2.01 0.00 75.88 2 2 j 1
Oct-96 s3500 B+750 1 . 6 3 0.50 74.45 23.42
Oct-96 s3500 B-125 2 . 1 0 0.00 75.99 2 1 . 9 1
Oct-96 s3500 B-250 1 .34 0.00 75.04 23.62
Oct96 s3500 B-500 2 . 1 0 0 . 1 0 73.31 24.49
Oct-96 s3500 B-75 2.32 0.00 77.07 20.61
Oct-96 s3500 B-750 1 . 5 1 0.00 75.41 23.08
Oct-96 s3500 BO 1 . 9 8 0.20 71 .22 26.60
Oct-96 s3500 c0 2.35 0.00 74.84 22.81
Oct-96 s3500 D+125 1 . 9 9 0.00 75.41 22.60
Oct-96 s3500 D+250 1 . 1 4 0.35 82.40 16.11
Oct-96 s3500 D+500 2.65 0.00 79.57 17.78
Oct-96 s3500 D+75 2 . 1 7 0.00 71 .97 25.86
Oct-96 s3500 D+750 2.07 0.00 72.77 25.16
Oct96 c3501 AO 0.90 0.00 56.87 42.23
Oct-96 c3501 B+125 1 .54 0.30 69.23 28.93
Oct-96 c3501 B+250 4.71 0.00 69.42 25.87
Oct-96 c3501 B+500 2.51 0.00 77.40 20.09
Oct-96 c3501 B+75 1 .52 0 . 1 0 77.73 20.65
Oct-96 c3501 B+750 1 . 6 2 0.00 90.95 7.43
Oct-96 c3501 B-125 0.78 0.00 6 1 . 0 6 3 8 . 1 6
Oct-96 c3501 B-250 1 . 6 2 0.00 76.14 22.24
Oct-96 c3501 B-500 1 . 6 6 0.00 77 .13 21.21
Oct-96 c3501 B-75 0.70 0.00 60.04 39.26
Oct-96 c3501 B-750 1 .65 0.00 78.88 19.47
Oct-96 c3501 BO 4.27 0.00 69.09 29.64
Oct-96 c3501 c0 1 . 9 5 0.00 70.62 27.43
Oct-96 c3501 D+125 1 .82 0.00 73.72 24.46
Oct-96 c3501 D+250 1 . 1 5 0.00 69.58 29.27
Oct-96 c3501 D+500 1.74 0.00 75.16 23.10
Oct-96 c3501 D+75 1 . 1 1 0.00 61.87 37.02
Oct-96 c3501 D+750 1  . 1 5 0.00 90.92 7.93
Apr-97 s3500 AO 2.00 0 . 1 0 84.60 13.30
Apr-97 s3500 B+125 0.85 0.35 78.09 20.71
Apr-97 s3500 B+250 0.85 0.20 78.49 20.45
Apr-97 s3500 B+500 2.34 0 .10 74.78 22.78
Apr-97 s3500 B+75 1.48 0.00 72.90 25.62
Apr-97 s3500 B+750 2 .14 0.00 71.52 26.34
Apr-97 s3500 B-125 2.49 0.00 7 7 . 1 5 20.36
Apr-97 s3500 B-250 2.91 0.00 83.37 13.72
Apr-97 s3500 B-500 1.45 0.05 72 .11 26.39
Apr-97 s3500 B-75 3.85 0.20 7 4 . 1 1 21.85
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APPENDIX A. PROPOSED DIFFUSER SITE SEDIMENT CORE DATA

Date Location Site Pct. Glav )ct, Grave Pct. Sand Pct. Silt
Apr-97 s3500 B-750 2.04 0.00 69.75 28.21
Apr-97 s3500 BO 1.89 0.25 82.31 15.55
Apr-97 s3500 c0 2.71 0.05 69.64 27.60
Apr-97 s3500 D+125 2.46 0.20 76.68 20.65
Aor-97 s3500 D+250 2.26 0.55 72.90 24.32
Aor-97 s3500 D+500 2.96 0.00 84.01 13.03
Apr-97 s3500 D+75 1.40 0.00 70.89 27.71
Apr-97 s3500 D+750 2.55 0.00 77.98 19.47
Apr-97 c3501 AO 2.50 0 .10 77.55 19.83
Apr-97 c3501 B+125 2.41 0.00 75.92 21 .67
Apr-97 c3501 B+250 3.36 0.25 49.08 50.30
Apr-97 c3501 B+500 1 .75 0.24 64.60 33.41
Apr-97 c3501 B+75 2.31 0.00 74.25 23.44
Apr-97 c3501 B+750 4.04 0.30 76.12 19.53
Apr-97 c3501 B-125 1 . 1 1 0.00 89.28 9.61
Aor-97 c3501 B-250 1 . 7 6 0.00 70.91 27.33
Apr-97 c3501 B-500 2.90 0.00 72.08 25.02
Apr-97 c3501 B-75 2.89 0.00 84.40 12.72
Apr-97 c3501 B-750 0.74 0.72 72.79 25.75
Apr-97 c3501 BO 2.59 0.00 78.63 18.78
Apr-97 c3501 c0 1 .98 0.00 84.11 1 3 . 9 1
Aor-97 c3501 D+125 0.94 0.00 82.16 16.90
Apr-97 c3501 D+250 | 0.93 0.71 8 1 . 6 9 16.67
Apr-97 c3501 D+500 | 0.62 0.00 66.77 32.60
Apr-97 c3501 D+75 0.92 0.05 8 1 . 1 5 1 7 . 8 8
Apr-97 c3501 D+750 3.06 0 . 1 0 85.50 11.34
Oct-97 c3501 AO 1 . 5 5 0.00 74.41 24.04
Oct-97 c3501 B+75 1 .83 0.05 81.05 17.06
Oct-97 c3501 B+125 0.00 0.20 BB.3O 11.47
Oct-97 c3501 B+250 1 .80 1 .00 89.74 7.46
Oct-97 c3501 B+500 3.71 0 . 1 5 80.46 15.68
Oct-97 c3501 B+750 18.72 0.95 58 .11 22.22
Oct-97 c3501 B-75 1 .58 2.25 79.33 16.84
Oct-97 c3501 B-125 2 . 1 3 0.00 71.24 26.63
Oct-97 c3501 B-250 1.54 0.20 82.91 15.35
Oct-97 c3501 B-500 1 . 1 2 0.60 89.26 9.03
Oct-97 c3501 B-750 1.04 0.05 86.40 12.51
Oct-97 c3501 BO 1.23 0.00 74 .11 24.66
Oct-97 c3501 c0 1 .07 0.65 87.61 10.67
Oct-97 c3501 D+75 1 .36 0.05 83.25 15.34
Oct-97 c3501 D+125 1 .01 0.05 85.21 13.73
Oct-97 c3501 D+250 0.90 0.00 80.35 18.75
Oct-97 c3501 D+500 1 .32 0.00 88.76 9.92
Oct97 c3501 D+750 3.66 0.00 93.42 2.92
Oct97 s3500 AO 1 . 1 9 0 . 1 6 92.50 6 . 1 5
Oct-97 s3500 B+75 3.05 0.05 91 .63 5.27
Oct-97 s3500 B+125 1 . 7 5 0.05 77.34 20,86
Oct97 s3500 B+250 2.70 0 . 1 0 89.78 7.42
Oct97 s3500 B+500 2.23 0 . 1 0 89.36 8.31
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APPENDIX A. PROPOSED DIFFUSER SITE SEDIMENT CORE DATA

Date Location Site Pct. Clav tct. Grave Pct. Sand Pct. Silt
Oct-97 s3500 B+750 2.46 0,00 82.38 1 5 . 1 6
Oct-97 s3500 B-75 2.80 0.00 72.61 24.59
Oct-97 s3500 B-125 2.60 0.00 86.36 11.04
Oct-97 s3500 B-250 1 . 5 1 0.30 73.50 24.69
Oct-97 s3500 B-500 2.07 0.00 82.03 15.90
Oct-97 s3500 B-750 2.30 0.00 90.84 6.86
Oct97 s3500 BO 7.90 0.00 7 7 . 1 8 14.92
Oct97 s3500 c0 1 .28 0.00 87.27 11.45
Oct-97 s3500 D+75 1 . 1 2 0.35 89.70 8.83
Oct-97 s3500 D+125 1 . 9 9 0.00 80.50 17 .51
Oct-97 s3500 D+250 2.06 0.00 85.82 12.12
Oct97 s3500 D+500 1 . 7 6 0 . 1 5 69.69 28.40
Oct-97 s3500 D+750 1 .32 0.00 82.28 16.40
Aug-98 c3501 B-750A 2.90 1 . 5 7 83.22 12.31
Aug-98 c3501 B-500A 1 . 1 0 0.27 88.63 10.00
Aus-98 c3501 B-250A 1 . 1 1 0.00 89.34 9.55
Aus-98 c3501 B-125A 1.24 1 .27 94.26 3.22
Auq-98 c3501 B-75A 1 .80 3.24 80.24 14.72
Auq-98 c3501 BOA 1 .00 3.07 84.41 11.52
Auo-98 c3501 B+75A 1 .74 0.05 79.02 19.09
Auq-98 c3501 B+125A 2.26 2.97 90,09 4.67
Aug-98 c3501 B+250A 1 .66 5 . 1 9 77.20 15.95
Aug-98 c3501 B+5004 1 . 1 4 0.20 90.36 8.30
Aug-98 c3501 B+7504 1 .87 6.77 81.72 9.64
Aug-98 c3501 D+750A 1 . 1 8 0.00 91.90 6.85
Aug-98 c3501 D+500A 2 . 1 0 0.25 86.75 10.90
Aug-98 c3501 D+2504 1 . 0 1 0.00 8s.06 13.93
Aug-98 c3501 D+125A 5.57 0.00 78.36 16.07
Aug-98 c3501 D+75A 5.23 2.71 82.59 9.46
Aug-98 c3501 COA 2.07 0.00 86.07 1 1 . 8 6
Aug-98 c3501 AOA 1 . 1 7 0 .15 91.41 7.27
Auq-98 s3500 B-750A 2 . 1 7 1 .50 88.09 8.24
Aug-98 s3500 B-500A 2 . 1 7 0.00 88.24 9.59
Auq-98 s3500 B-250A 2.07 0.00 86.14 11.79
Aug-98 s3500 B-125A 1 .90 1 . 9 3 82.46 13.71
Aug-98 s3500 B-75A 2.09 0.00 86.44 11.47
Auq-98 s3500 BOA 2.89 0.00 83 .11 14.00
Aug-98 s3500 B+75A 0.99 0.00 84.31 14.70
Auq-98 s3500 B+125A 4.04 5.88 85.03 5.05
Auq-98 s3500 B+250A 2.96 0.58 92.10 4.36
Auo-98 s3500 B+500A 1 . 7 9 0.69 80.22 17.30
Auq-98 s3500 B+750A 3.05 0.00 93.51 3.44
Auq-98 s3500 D+750A 2 .12 0.00 87.22 10.66
Auo-98 s3500 D+500A 2.39 1.62 92.48 3.51
Auq-98 s3500 D+250A 1 .09 0.00 88.50 10.40
Auq-98 s3500 D+125A 3.23 0.00 87.84 8.93
Auo-98 s3500 D+75A 3 . 1 2 0.05 86.26 10.57
Auo-98 s3500 c0A 2.23 0.00 89.31 8.46
Auo-98 s3500 AOA 4 . 1 1 0.00 9 1 . 6 6 4.23
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APPENDIX A. PROPOSED DIFFUSER SITE SEDIMENT CORE DATA

Date Location Site Pct. Clav Pct. Grave Pct. Sand Pct. Silt
Aug-99 c3501 B+250 3.20 1 .30 86.80 10.00
Aug-99 c3501 B+125A 2.40 0.20 83.30 14.20
Aug-99 c3501 B+75 1 . 1 0 0.00 88.90 10.00
Aug-99 c3501 BO 1 , 8 0 0.90 79.90 18.30
Aug-99 c3501 B-75 3.00 1 .80 84,00 1 3 . 1 0
Aug-99 c3501 B-125A 2.70 0.50 88 .10 9.20
Auo-99 c3501 B-250 3.40 0.00 90.20 6.40
Auq-99 c3501 D75 4.50 0.00 84.70 10.80
Auq-99 c3501 D125 3.80 0.00 BB.OO 8.30
Auq-99 c3501 D250 3.40 2.00 83.80 12.70
Auq-99 s3500 B+250 5 .10 0.00 90.20 4.70
Aug-99 s3500 B+125A 3.30 0.20 88.90 7.80
Aug-99 s3500 B+75 2.80 0 . 1 0 89.20 8.00
Aug-99 s3500 BO 3.70 0.00 87.10 9.20
Aug-99 s3500 B-75 4.00 0 . 1 0 90.30 5.70
Auq-99 s3500 B-125A 3.20 0 . 1 0 87.00 LB0
Aus-99 s3500 B-250 2.30 0.00 91 .30 6,40
Auq-99 s3500 D75 3.00 0 . 1 0 85.40 1 1 .60
Auo-99 s3500 D125 4 . 1 0 0 . 1 0 85.20 10.70
Auq-99 s3500 D250 2.30 0 . 1 0 9 1 . 1 0 6.60
Auo-00 c3501 B+25A 4.90 1 . 6 0 77.80 17.30
Auq-00 c3501 B+258 2.80 0.40 82.10 1 5 . 1 0
Auq-00 c3501 B-25A 3 .10 0.40 79.90 17.00
Aug-00 c3501 B-258 2.00 1 .70 76.20 21.80
Aug-00 c3501 D25A 3.20 2.20 71.80 25.00
Aug-00 c3501 D25B 3.30 0.40 76.60 20.10
Aug-00 s3500 B+25A 6 . 1 0 0.00 78.70 15.20
Auo-00 s3500 B+25B 4.30 0.20 82.40 13.40
Auq-00 s3500 B-25A 6.20 0.00 79.50 14.40
Aug-00 s3500 B-258 2.90 0.30 77.40 19.70
Aug-00 s3500 D25A 5.00 0.00 89.40 5.60
Aus-00 s3500 D25B 3.60 0 . 1 0 79.90 16.60

Page 5 of 5



o

o

o



Long-Term Lake Michigan Biomonitoring 04/03/02

Appendix B

Biological Data



$
ro

o
(It

c
o
c0

o
o
..ct
tr
=
z l

@
o)

I

a

o
o
lo
(Y'

an

o
oro

I

o
-if

N

(o
ot

I

J-

o
o
ro
(9
U)

o
t(,(\

I

t0

(o
ct)

I

f-t

o
oto
(Y)

U'

ro(\
I

m co

@
o)

!

J

o
o
ro(a
U)

ro
l.-

I

o
o

lr)
o

(0
o)

I

=
a

o
oro
(!,

U)

o
o s

ro
o,

a

oz

o
oro
(v)

U'

o
o
l(t
+
o

lo
o)

I

o
z

o
o
ro
(Y)

Q

ro
N
+
o

o
ro o

N

ro
o)

I

o
z

o
o
u)
(Y)

U,

o
ro
f.-+
o

c.)
o o

N
v

ro
o)

I

o
z

o
or{)
C')
U'

oro
(!

I

o s N
cf)

ro
q)

I

oz

o
o
ro
(r)
cn

o
1.)
ol
+
dl

Oro
cf)

lo
o)

a

o
z

o
o
ro
(Y)

a

ro
I

o
o
@

os
N

!o
o)

I

oz

(t
o
ro
(9
o

ro
l.-
+
o

o
v

o
N
(f)

o
|It
o

c
.9
(lt
(.t
o

o=
U'

o

'=
E
o

._e

o

e
c

.E
o
Y
E
o

(t)

r
p

o

(t,

0.=

o

S
o

_s
o). F

e
tJJ

.e

.2

f

!E
oq)
U>
a

o
a
i-

E
(!)

S
I

.4

Eo
v

t
o
(t)

q-

.e
F

o

o)q

(t)

n

fl

a's
'=

a

o
r

.E

o
o

fr
o

o
E

e
o

\

o

q
.=
!
*
o
e
':s

(t,

Eso
o
Gz

(t)

t-so
o

F

q

E
{()
I
n-

(/)
€
(E

I
o
Q)

{

U,

E
o
+<
(/)

.e
(,

G
N

o)
'6
c)
E
.o
o

o
o
o
-c
o.s,

q)
(!

:
o
L

o
E

J

o)

-
c

;
o
'-

F

o
o

b
F

x. F

o
E

{

F

o
U'
o
I
Fz
IU
dt
UJ
F
o
E
IIJ
o
f
lr
l!

6
o
UJ
oo
o-
o
t,
o.

di
X
o
z
uJ
o-
o.



i o
q)
o)

(g

o
o
o

o
m
o
o
.ct
E
z

@
o)

I

c
5
a

o
o
ro
(v'

@

o
o
ro

I

o
o
ol
(v)

(\

@
o)

I

=-'

o
o
to
(r'
o

oro(\
a

o
o
@

(0
o)

I

o
olo
cr)
U)

ro
N

dl
ro

oro
(Y)

(\l

(0
q)

I

tr
J

o
o
ro(t
.1,

ro
l.-

I

dl lr)
o
ro(') r+

(o
o,
c
:J

a

o
o
lo
(Y'

U)

o
o lif $

o
(\l (Y)

lo
o,

I

o
z

o
o
ro(')
@

o
o
t(,
+
o

o 1r)
o
o(\ (\

la,
ot

o
z

o
o|o
at(t

ro
t\+
o

o
lo

o
o
c)

(9

ro
o)

I

oz

o
orr'
(Y)

o

o
lo
+
c0

o
CO

o
$r(,

ro

r{)
o)

I

o
z

o
oro
(rt
q

oro
(\l

I

dl

o
\r @

o€
\f

$

ro
o)

a

o
z

o
o
ro(n
U'

o
lo
(\l
+
o

o o
ro

o
N

o
ro
F

ro

ro
o)

I

o
z

o
o
ro
ti,
.t)

ro
F-

I

o
Os o

@
o
$ !t

o
o(0 i-

ro
o)

a

o
z

o
o
It)
(a
(t,

u)
+
m .t

o
o
$

(v)

o
o
o

c
.9
G
o
o

o.=
U'

o

L

:E

E
I
c)

.=
t
G

o

I
a
o(,

o
.=
o
q
o
B
o
{

E
a(t
a

(

(u
Q)

s
.e
s
IJJ

g
q
q

ri

.e

!t,
$

_s
a)
I
f

o)

"Q

x
E
tw

a

s

S(U

G

E
s

o
o

o
-c
o

H

o)u,(t
p

*
q

N

o
L

-o
o

F

-

E
d

.s.

.Y

R

o-
.=
a
c
o
o

o
o
o

o
tr

F

o
U'
o
Fz
uJ
dl
IIJ
ts
U'
t
ut
U'
f
lr
lJ.

6
o
IIJ
oo
o-
o
t
o-
tri
x
o
z
uJ
o-
o-



vrr)

o
o,

n

U'
o

q)
!0

o
o
.ct
E
J
z

F

o
o
or
Fz
TU
o
lrJ
F
o
u
uJ
Q
f
lJ.
lt

o-
o
UJ(t)
o
o-
o
t
o.

tri
x
o
z
IU
o-
o.



! o
o)
o)

o
o
to(")
U'

o
o o

o
oro
(v)

o

oro
F-
+
o

s \i
o
(! c)

o
or(,(a
o

o
oro
+
o CO

o
a)
ct

@

o
o
ro
a)
o

o
ro
ol+
o

o
@
(Y)

6t

o
o
ro
G)
U'

ro
$t

+
o

o(')
1r)

o
o
tf,
(Y)

U'

r(,
F-
+
o

o o

N

o
(vt(\
(Y)

@

o
olo
(v)

o

o|{:t
l.-
+
c0

o(\

o
o
r(t
(V,

an

o
o
ro
+
m

o(0
(r)

ol

o
oro
(v)

.n

o
1|)
(\l
+
o N

o(\
t+

ct

o
o|o
to
m

lo(\
+
o $

o
$t

6l

o
o
ro
(Y)

@

rf)

+
m

o
\l

o
ro
ro

c)

o
o
u)
(v)

U'

oro
t"-

I

o
o
ot

.9
o
o
o

(,
U,

o

E
L

T

s
I
q)

F
G

o.
I
o
or4

a
c)
.=
o
o
q

E

o

{

E
q

t

*oo

q
s
a

.e

fi
S(U
(4
q

t.l-

.Y

Q
o

So)
q

t

q
oo

{

x
E
q

a

ss

(u
\s
a.e
a

E
s

o

o
o)
c)
IL

H

s

a
q)
q
q

p
f,

E
*.Y
(n
tr

o
(g

o

F

o

tr

's

G
p

o

I =
o
o
o

th
o
o
tr
o
tr

F

o
oo
Fz
UI
o
lrJ
b
o
u
ut
U'
f
TL
L

6
o
IIJ
oo
o-
otr
o.
tri
x
o
z
UJ
o-
o-



rf
r)
o()
q,
o,
(!

o
o
=
E

o

@

o
o
s
c
o
00
o
o
.cl
E
5
z

F

o
o
o
I
Fz
uJ
o
UI
F
o
u
IIJ
U'
f
IL
Il

o
o
IIJ
U'
o
o-
o
t
o.

di
x
o
z
lrJ
o-
o-



5 0
o)

E l t l "
e l l r ) l o

6lE l '
o
o) r

El8 l8
+  l rO  lF -( r l (Y ) l  +
o l ( / ) l o

o\{.
s s

El t l ,8
i  l rO l r -
o l ( 9 l +
ot( / r to

o
ol

(\l

3lfrlH o
co(\ r

IFIqb o
$
(\l

c)

Ii3iBIF o
(\l

glBlf o
o
(0

o
@
t

6t

o t o t  t t ^gtNt  I  t veb]qE o
\t

o o
N

o
$
N

o

tElqir @ N
o
(!
ro

ro

!lglfrlE o
sf
N

o
olro c)

Elfila
; l Q l

c)
lif

o
$

o
(\l e)

.e
o
I
$

s
o)
I
f

: w

o)
v

o)
d

x
boq

G
o

s

a

S
G
.9

S

s
o

o.
o
q)

o(L

$

.Q
o
s

G

o)q
c4

e
f,

*
.Y
q

t

o
Ls
q)

L

F

o
o

E
o.
E

's

.Y

o

o '6
c
o
o

o
o
o
c
(,
E

F

o
o
o
I
Fz
UI
o
ul
ts
o
t
IJJ
o
f
lr
lr
o
o
IIJ
Qo
o-
o
t
o-

di
x
o
z
IIJ
o-
o-



v
ro

F*

o

@
o)

I

oo

o
o
lo
(Yt
o

C'
to
F-
+
o

o
s
N

(o
o)
o
o

o
orr)(o
U)

.ct
oto
t-

I

o
@

o
$ .it

sl-

(o
o)

I

Io

o
o
lo
(9
U)

G
o
ro

a

o
O

(o
o
f-
N

@
o)

I

oo

o
o
to
c)
U'

lt
o
o
u)

I

c0
(o

@
o)

I

oo

o
o
ro
(v,

o

G
o
o
to

I

m
cr) o(aE

d !

(lJ

=
E
G

o
@

o
o
o
E
.2
G
o
o
oo

E
g
o
o
o
o

ll
E
a
z

(o
ct)

l

o
o

o
o
la,
a)
o

lt
or(,
N

Im
o
$

(o
ct)

I

oo

o
orJ)
(Y)

al,

G
ota,
c{

a

o
o
N

(o
o)

I

IJ

o

o
o
ro
(r)

o

-oro
(\l

I

m
(f)

o
N

(0
CD

a

o
o

o
o
lo
a)
o

G'
tt(\

a

o
o
s
N

(o
o)

I

oo

o
o
u)
(Y'

U'

.ct
ro
F-

I

o
o
lr)

@
o)

I

Io

o
o
ro
G)
o

oto
F-

I

o CO
o
(f)

o

€
o)

I

(,
o

o
o
ro
(v,

v,

.cl
o
m

o(o

o
ct
o

q
o
o
TJ
o

o
U'

o

.E
o

,=

o

o
E
E

.E

I

(,

v.=
O

F

p.=
o

$

s
o. F

eq)
.:<

ur

.\
o
C4

s
o

Y-

su
o
0)
U)

o
o

0-

E
o

S

v)

r

v

o
€
q)

{

.e
o
v.
ou)

q

e
s.

(U's
.=

$

q)
r
q)

o

:=
E
o
o
e

E

e
o

-
O

at

t
€
.:+

u)

t
*
o

Ge

(,
E
G

o

tn

ts
C)
v

[-

t4

ts
p

o
0)
q

a

q

Es
o.E
q

o(/)

G
N

o

o
o
c

t5

(!
q)
(!

o
=
o

o

:
C)
L

E
J

q)
L

E
.E
';i

E
F

o
o
'o

E
t-

.{

I

F

o
q,
o
I
Fz
UJ
o
ut
F
o
u
IIJ
o
:)
lr
IL
6
o
lrJ
oo
o.
o
t
o-

tri
x
o
z
IIJ
o-
o.



$ o
o
o)

(L

o
o

o
@

o
o
.ct
E
5
z

F

o
oor
Fz
IIJ
o
IJJ
b
o
tru
o
:)
IL
lr
o
o
IIJ
oo
o-
o
t
o.

di
x
o
z
IJJ
o-
o.



s|r)

o)
o
o

o
o
,€
c
o
o
o
o
{t
E
J
z

o
o
o
E
Fz
ut
o
]U
F
v,
t
ul
o
:f
IL
lJ.

o
o
ul
@o
o-
o
tr
o-

di
X
o
z
IIJ
o-
o.



5 r
o
o)

I N

E

o
Pq)

=
(D

G=
ct
a
o
Ctl

@
CD

I

(J

o

o
o
ro
(9
o

IE
o
o

o
!t(\ (\l

(o
o)

I

oo

o
o
ro()
U)

.ct
o s

o
o
N

cit

@
o)

I

oo

o
oro
G'
U'

.U
o O

(v) co
o
N
ol

(9

(o
o)

I

(,
o

o
o
ro
a)
U'

-cl
o
ro
+
o

s
o
$
!C

(Y)

(o
o)

I

o
o

o
oro(o
o

G
olo
i-
+
o

os
6l

(0
o)

I

oo

o
o
ro
(!t
(t,

.cl
o
o
ro
+
o

ro orr)
o
lt)
(\l

(9

(0
o)

a

o
o

o
oro
co
o

G
o
o
lo
+
o

o
(f)

o
cf) (o

oro t+

(o
o)

I

()
o

o
o
lo
a)
o

cl
o
ro
CI
+
o

o
ro

o
ro

o
o
c)

$

@
ol

I

oo

o
o
lo
(Y'

U'

au
oro
(\l
+
o

o
@

o
(\l(') (v)

(0
o)

I

o
o

o
oro
(v)

@

.o|('(\
+
o

s c)
s

o
@ 3it

@
o)

I

oo

o
oro
(r)

U'

oro
6t

+
o

o* o o
6
$

d)

(o
o)

I

oo

o
o
1l)
0r)
U'

.lt
1.)

+
cl

CO cr) (o
o
ol
t -

@

o
G
o

c
.9
o
o
o

o=
U)

O
o

E
L

-t-

G. F

I
r

tso.
I
U'
o()

c)
.=
o
o
q

€
o(t,
a

E
au1=

s
.Y

{

a
o

s
a

.Y

.=
UJ

o'ts

q
(t,
orI

.e

ln
$

G=
Q)q

I

l!
oop
5
on-

*
G

rY

g
s

a
S
.e
a
(U

s
s o

o(L

F

s

G

o
q
q

e
a

*r
c4

N

o

o
L

F

.9

E

's

.g
e

f =
o
c
o
o

th
o
o
.c
o
tr

F

o
oo
I
F
z
UJ
o
IJJ
F
o
E
t!
o
f
lrg
o
o
lJl
oo
o-
ou
o.
tri
x
o
z
IIJ
o-
o.



s

o

o

o_

(o
o)

I

o
o

o
ro
(9
(J

|!
o
o

o
lo o

(o
o)

I

oo
o
1|)
(Y)
(J

.o
lo
t\+
dl

o
v

o(o

(0
o)

I

IJ

o
o
1()
(r)
o

(g
ro
l'-+
o

o
o
s

(0
of

a

oo
o
ro
(v)

o

..ct
ro
(\l

+
o

o
$
N

(o
o)

I

oo
o
ro
G)
o

o
1.)
(\l
r
+
m

oro

(o
o)

I

(,
o

o
1.)
(9
(J

.cl
o
ro
N
+
o

$
N

@
CD

I

o
o

o
ro
(9
()

.E
o
to
CT
+
m

CA CY)
os
N

(o
o)

I

oo
o
ro(a
(J

,ll
o
o
lo
+
6

s
o(o
CO

(o
o)

I

(,
o

orf)(t
o

tg
o
o
lo
+
6

$
o
N

o
N(o

(0
o)

I

oo
o
1O
e)
o

tt
o
!o
Di
+
o

(o
o)

a

oo
oro
c)
o

G
oro
+
dl

(0
ot

I

oo

o
o
ro(t
an

.cl
o
o

o
N

o
G'
o

tr
o
G
o
o

o.=
U'

c)

'=
c
o
c
o.=
()

o
L

o
E
E

c

e

L

O

(,
r

I

o

(,

o
v.=

s
O

sg
'E
.e
a<

UJ

o.e
r
F

T-

!9

o
a)u)
a

o)
o
f

E
o
S
o_

q

€
q)

{

(!

q)
h

q)
v)

q

Q

,o

's

'=

o
q)
r
o

F€

o
;=
o

o
E
o

]u

t
o
o

tn

E
*

.=
a

c4

E

$
=

(r)

E
s

o

(/)
E
G
o
I

r{

q

!

o

q)

&

(n

t
€
€
v)

.g

(t,

a
N

o)
'6
o
E
.(u
o

o
q)
o
o

.o)
o

o
(I'

'c

E
J

L

E
E
'6

5

o
o

E'6

b
f
F

x. F

n

F

o
o
o
I
Fz
UJ
m
lrJ
F
U'
E
IIJ
o
f
trg
o
o
IIJ
oo
o.
o
tr
o-

di
x
o
z
UJ
o-
o-



l f

.2
c
o
ql

o
o
o

tr
o
m
o
o

ll
E
f
z

(o
o)

I

oo
o
rO
(v,

o

(E
o
dt

o 1r)
o
o
(Y)

rt

@
o)

I

(,
o

o
|lt(o
o

.ctro
F-
+
dl

o
o
N

(\|

(o
o)

I

oo
o
1l)
c)
o

o
l(,

+
m

s
o
$
\f

(\

@
o)

a

oo
o
rO
(v)

o

-o
rO
ol

+
o

os(\

(o
o)

I

oo

r
o
t4t
(Y)

C)

o
ro(\
+
m

CY)
o
t
N

c)

(o
o)

I

()
o

o
rO
c)
o

.ct
oro
(\tl
+
t0

o
t(\

(0
o)

I

o
o

oro
fit
(J

(E
o
lo
(\l
+
o

o
o
(Y'

a)

(o
ot

I

oo
o
ro
ct
o

.cl
o
o
lO
+
m

o
o
t

(\

(O
o)

I

oo
oral
c)
O

t!
o
oro
+
dl

os
o
(\l
to

s

(0
o)

I

(t
o

o
1O
c)
(J

ll
o
lo
F-
+
c0

o o

(0
o)

!

oo
oro
(9
()

o
o
lo
F-
+
o

o o

@
o)

I

o
o

o
o
lo
(Y)

@

tt
o
o (o

@
o(\
ro

(Y)

o
ftt
o

tr
o
|E
o
o

o=
o

o

r

g
I
c)

F
o

o
io
o

Y
U'
o(,

Q)
.=

u,
E
c)
{

t
a
U'

E

s
o

{

o)

s
co

.e

fi

s
G
C"
c4

rl

(D

o
I
o

(B
=
q)(/)

f

e
o)

e
Q)
^-
s
G

g
s

o
a
trs
!!

a

E
s

(E

C)
o)
o
t_

$

c
o
\
o
a
a
q)
(tt
at,
p

s
CA

0-- o-o

F

(!

o

-=

I
o
a

{
=
o
q
o
o

th
o
o

o
t

F

o
U'
o
-
Fz
UJ
o
uJ
F
q,

tr
UJ
o
f
lr
lr
o
o
lrJ
U'
o
o-
ou
o-

di
x
o
z
IJJ
o.
o.



APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DATA

Number of Cells per mill i l i ter {No./mL)
Date Auq-98Aus-98Aug-98Aug-98

s3500
Aus-98Aug-98Aug-98 Auq-gt

Location c3501 c3501 s3500 s3500c3501 c3501 c3501
Chlorophyta

Actin a stru m h a ntz sch ii Lagerheim
Ankisfrodesmus sp. 7
An kistrode sm us braunli (Naeg. ) Brunthaller
Ankistrodesmus falcalus var. mirabilis G.S. West 1 4 7 1 1
Chl a mydomon as sp. Ehrenberg 64 49 46
Chlamydomonas g/obosa Snow 102 194 1 3 1 134 92
C hlore ll a/Chlo rococcum h u micota (Naeg.) Rabenhorst 258 364 237 '237

261
Chlorococcum so.
C h I o ro coc c u m/P al m e ll a 258 215 184
Closteium sp.
Coelastrum sp. 7 4
Coel a strum c.t. m i cro poru m Nageli. 7 4 7
Cosmaium sp. Corda
Crucigenia sp.
Crucigenia tetrapedia (Kirch.) West & West 4

I I

Elakatotrhix vfuUls (Snow) Printz
G/oeocystls sp. 4 1 4
Gloeocystis gigas Kutzing. 35 1 4 21 1 1 4
Gloeocystis planktonica (West & West) Lemmerman 104 1 6 1 99 q h 1 1 1
Golenkinia paucispina West & West
Gonatozygon sp.
Gonium sp. 21 1 4 7
Gonium c.f. sociale (Duj.) Warming o4 102 60 80 60
Gonium pectorale Mueller 5
Hyalotheca sp.
Hyalotheca dlssrTiens 7
Microspora sp. 1 8
Microspora c.t. quadrata Hazen 1 8 1 1 7 35
Oedogonium sp. Link
Oocysfls sp. Naegeli in A. Brown
Pediastrum sp 1 1
Pediastrum boryanum (Turp.) Meneghini
Pediastrum c.f. duplex Meyen
Ped ia strum simplex (Meyen) Lemmermann 1 1 7 t l A

Planktosphaeria sp.
Planktosphaeria gelatinosa G.M Smith 4 1 1 7 21
Scenedesmus bij uga (\ urp.) Lagerheim 20 24 16 28 48
Scenedesmus brasrTiensis Bohlin
Scenedesmus quadicauda (Turp.) deBrebisson 58 64 oz 110 86
Scenedesmus //
Scenedesrnus sp. Meyen 92 56 64
Selenastrum sp. 1 1
Selenastrum minutum (Naeg.) Collins
Selenastrum westrT G.M. Smith 4
Sphaerocyslis schroeten Chodat
Spyrogyra sp. I
Staurastrum sp. Meyen I 4 1 4
Tetraspora sp. 27 40 25 24 1 3 4 7
Tetraspora c.f. /acuslris Lemmermann
Unknown green spheres
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APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DATA

Number of Gells per mill i l i ter (No./mL)
Date Aug-98Aug-98 Aus-98Aug-98 Aug-98Auq-98 Auq-98 Aug-98

Location c3501 c3501 s3s00s3500s3500 c3501 c3501 c3501
)yanophyta

Agmenellum sp. 1 1
Ag me ne I lu m fenulssma Lemmermann 21 4 11 1
Anabaena sp, 11 4 4
Anacysfis sp. 21 1 1
Aphanocapsa delicatissima West & West

Chroococcus sp. 81 106 127
Ch roococcu s I imn eticus Lemmermann

Chroococcus maior
Chroococcu s mi nor (Kuetz.) Naegeli 1 1 6 1 1 3 74 JZ 1 4
Gomphosphaeria sp.
Gompho sph ae ri a /acusfris Chodat
Lyngbya sp. Agardh

Microcystis sp.
Microcystis aeruginosa Kuetz. amend Elenkin 1 4 t o 1 1 21
Microcystis rncerfa Lemmermann

Oscillatoia sp. 1 4
Oscillatoia angustissima West & Wesl
Oscil I atoria I im netica Vaucher 7 1 8
Scytonema sp.
Synechococcus sp 4

Chrysophyta
Chromulina sp.
Cl adomona s fruficulosa Stein

Dinobryon sp. 92 42 o4

Dinobryon cylindricum lmhoff ex. Ahistrom 1 1 62 32 4 24
Dinobryon socia/e var. americum (Brunn.) Bachmann 84 233 (o 107 84
Mallomonas caudata lwanott 35 52 ? q 25 JC

Mallomonassp. Perty 1 8 1 4 7
Pyrrhophyta

Ceratium sp. 4
Ceratium hirudinel/a (OFM) Schrank 7 4 4 4
Glenodinium pulvisculus (Ehr.) stein 32 32 28 1 1 ?o

Peridinium sp. Ehrenberg 2 1 32 42
Cryptophyta

Chroomonas sp 173 28 78
Chroomonas nord stedtii Hansgirg. 205 162 180 145 187
Cryptomon as erosa Ehrenberg

luqlenophyta
Euglena sp. Ehrenberg

Jnknown cells

Iotal Non-Diatom Alqae Densitv (cells/mL) 1,233 1.683 1.140 1 ,109 1.157 897 629 653
Sample Richness 21 23 24 23 20 1 6 1 8 1 4
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APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DATA

Number of Cells per mill i l i ter (No./mL)
Date Aug-98 Aug-98Aug-98 Sep-98Sep-98 Sep-98 Sep-98Sep-98

Location s3500s3500 s3500 c3501 c3501 c3501 s3500s3500
Chlorophyta

Actin a stru m hantzsch ii Lagerheim
Ankistrodesmus sp. 1 1 1 1 1 4 7 4
Ankistrodesmus braunii (Naeg.) Brunthaller
Ankistrodesmus falcafus var. mirabilis G.S. West
Chlamydomonassp. Ehrenberg r+o 28 46 4 4
Chlamydomonas g/obosa Snow
Ch lore ll a/Chlorococcum h u micola (Naeg.) Rabenhorst
Chlorococcum sp.
C h I o ro coc cu m/P al m e I I a 215 106 219 1 1 1+O 64 28
Closteium sp
Coelastrum sp. 7
Coelastrum c.t. microporum Nageli.
Cosmarium sp. Corda
Crucigenia sp. 1 1
Crucigenia tetrapedia (Kirch.) West & West
Elakatotrhix vftiUls (Snow) Printz
G/oeocysfls sp. 1 1 4 7
Gloeocystis gigas Kutzing.
Gloeocystis planktonica (West & West) Lemmerman
Golenkinia paucisprna West & West
Gonatozygon sp.
Gonium sp. 1 1 7 1 4
Gonium c.f. sociale (Duj.) Warming
Gonium pectorale Mueller
Hyalotheca sp.
Hyalotheca diss/lens
Microspora sp 1 4 7
Microspora c.f . quadrata Hazen
Oedogonium sp. Link
Oocysfls sp. Naegeli in A. Brown
Pediastrum sp. 1 1 7 4
Pediastrum boryanum (Turp.) Meneghini
Pediastrum c.f. duplex Meyen
Pediastrum simplex (Meyen) Lemmermann
Planktosphaeria sp.
Planktosphaeia gelatinosa G.M Smith
Scenedesmus bijug a (T urp.) Lagerheim
Scenedesmus brasillensis Bohlin
Scenedesmus q u ad ica u da (Turp.) deBrebisson
Scenedesmus //
Scenedesmus sp. Meyen 60 67 oo 7 32 4 7 1 4
Se/enaslrum sp, 4
Se/enastrum minutum (Naeg.) Collins
Selenastrum wesfii G.M. Smith
Sphae rocysti s schroelen Chodat
Spyrogyra sp. 4 1 4
Staurastrumsp. Meyen 21 4
Tetraspora sp. 1 1 7
Tetra spora c.f . I a cu stri s Lemmermann
Unknown green spheres
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APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DATA

Number of Cells per mill i l i ter (No./mL)
Date Aus'98Auq-98 Aug-98 Sep-98 Sep-98 Sep-98 Sep-98Sep-98

Location s3500 s3500 s3500c3501 c3501 c3501 s3500 s3500
Syanophyta

Agmenellum sp. 21 7 1 1 1 1
Ag men el I u m fenulssima Lemmermann

Anabaena sp 1 4 4
Anacysfls sp. 1 1 42 7
Aphanocapsa delicatissima West & West

Chroococcus sp. YZ 49 152 z3 1 8 4 39
Ch toococc u s I imnelcus Lemmermann

Chroococcus maior
Chroococcu s mi nor (Kuetz.) Naegeli

Gomphosphaeria sp.
Gom p ho sph aeri a /acusfris Chodat
Lyngbyasp. Agardh

Microcystis sp.
Microcystis aeruginosa Kuetz. amend Elenkin
M icrocystis rncerla Lemmermann

Oscillatoria sp. 4 7 4 21 4
Oscillatoria angustlssima West & West
Oscill atoria I imnetica Vaucher

Scytonema sp.
Synechococcus sp. 7

Chrysophyta
Chromulina so.
Cl a d o mo n a s f ruti c u I o s a Stein

Dinobryon sp. 53 32 1 1
Dinobryon cylindricum lmhoff ex. Ahistrom
Dinobryon sociale var. americum (Brunn.) Bachmann
Mallomonas caudata lwanoff
Mallomonassp. Perty 21 1 4 25 7 4 4 1 1

Pynhophyta
Ceratium sp.
Ceratium hirudinella (OFM) Schrank
Glenodinium pulvisculus (Ehr.) stein
Peridinium sp. Ehrenberg 32 21 46

Cryptophyta
Chroomonas sp. 106 99 85 71 109 92 39 1 1 6
Chroomona s nord stedtii Hansgirg.
Cryptomonas erosa Ehrenberg

Euqlenophyta
Euglenasp. Ehrenberg

Unknown cells

Total Non-Diatom Algae Density (cells/mL) 730 497 801 112 247 187 85 233
Samole Richness 1 6 1 8 1 8 7 1 1 6 6 9
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APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DATA

Number of Cells per mill i l i ter (No./mL)
Date Sep-98Aug-99 Auq-99Aug-99Auq-99 Aus-99Aug-99Aug-0(

Location s3500 c3501 c3501 c3501 s3500 s3500 s3500c3501
Chlorophyta

Acti n astrum h antzschi i Lagerheim
Ankistrodesmus sp. 4 8
An ki strodesmu s brau nii (Naeg. ) Brunthaller
Ankistrodesmus falcatus var. mirabilis G.S. West z 3
Chlamydomonas sp. Ehrenberg 7 49
Chlamydomonas g/obosa Snow 12 zz 1 4 1 9 7 1 9
Chlorell a/Chlorococcu m h u mi col a (Naeg. ) Rabenhorst 1 4 t c 1 9 ?n 1 2 1 0

Chlorococcum sp,
J I

C h I orococcu m/P al m e I I a 28
Closteium sp
Coelastrum sp.
Coelastrum c.t. microporum Nageli.
Cosmarium sp. Corda 4
Crucigenia sp.
Crucigenia tetrcpedia (Kirch.) West & West
Elakatotrhix vftidis (Snow) Printz
G/oeocysfls sp.
Gloeocystis gigas Kutzing.
Gloeocystis planktonica (West & West) Lemmerman 2 3 7
Golenkinia paucisprna West & West
Gonatozygon sp
Gonium sp
Gonium c.f. sociale (Duj.) Warming 2
Gonium pectorale Mueller
Hyalotheca sp.
Hyalotheca dlssl7r'ens
Microspora sp.
Microspora c.f . quadrata Hazen
Oedogonium sp. Link
Oocyslis sp. Naegeli in A. Brown 2
Pediastrum sp. 4
Pediastrum boryanum (Turp.) Meneghini
Pediastrum c.f. duplex Meyen 3 2 3 3 z
Pediastrum simplex (Meyen) Lemmermann 1 1 2
Planktosphaeria sp.
Planktosphaeia gelatinosa G.M Smith
Scenedesmus bij ug a (T urp.) Lagerheim 5 2 2
Scenedesmus brasliensis Bohlin
Scenedesmus q u ad ricau d a (Turp. ) deBrebisson c 1 0 2 A 12 1 0 A

Scenedesmus //
Scenedesmus sp. Meyen 1 4
Se/enasfrum sp.
Se/enastrum minutum (Naeg.) Collins
Selenastrum wesfrT G.M. Smith 2 2 2 c 5
Sphaerocystis s c h roete ri Chodat
Spyrogyra sp.
Staurastrum sp. Meyen 2 3 2
Tetraspora sp.
Tetra spora c.f . I acu stri s Lemmermann 2 2 a 2
Unknown green spheres
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APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DATA

Number of Cells per mill i l i ter (No./mL)
Date Sep-98Aug-99 Aug-99Aug-99Auq-99Aug-99 Aus-99Aus-0(

Location s3500 c3501 G3501 c3501 s3500 s3500s3500c3501
Syanophyta

Agmenellum sp. 4 4
Ag me ne llum te n ui ssima Lemmermann 3 1 0 7 J 7
Anabaena sp. 4
Anacyslis sp. 4
Aphanocapsa delicatissima West & West

Chroococcus sp.
Ch roococcus Ii mn etic u s Lemmermann ? z 2 2 5
Chroococcus maior
Chroococcus minor (KueV.) Naegeli 1 4 5 1 5 7
Gomphosphaeria sp. 8
Gomp ho sp haeria,acustris Chodat 2 7 3
Lyngbya sp. Agardh

Microcystis sp. 4
Microcystis aeruginosa Kuetz. amend Elenkin 5 5 5 2 2
Microcystis rncerta Lemmermann

Oscillatoria sp.
Oscillatoia anguslisslma West & West 2 5 5 7
Oscill atoi a I i mnetic a Vaucher 2 2 J 5
Scytonema sp.
Synechococcus sp.

lhrysophyta
Chromulina sp. 202
Cladomonas fruficulosa Stein

Dinobryon sp. 37
Dinobryon cylindricum lmhoff ex. Ahistrom
Dinobryon sociale var. americum (Brunn.) Bachmann 2 2 J 2
Mallomonas caudata lwanoft o z z 1 1 z
Mallomonassp. Perty 4 29

f,yrrhophyta

Ceratium sp.
Ceratiu m hi rudinell a (OFM) Schrank z 2

Glenodinium pulvisculus (Ehr.) stein
Peridinium sp. Ehrenberg 3 1 4 2 8

Sryptophyta
Chroomonas sp. 81
Chroomon as nord stedti i Hansgirg. 55 22 1 7 49 29 1 0
Cryptomonas erosa Ehrenberg

Euglenophyta
Euglenasp. Ehrenberg

Unknown cells

Total Non-Diatom Algae Density (cells/mL) 't45 111 117 115 219 111 117 412
Samole Richness I 1 3 1 9 1 6 21 1 6 1 9 1 5
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APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DATA

)hlorophyta
Acti n a stru m hantzschii Lagerheim
Arkistrodesmus sD. 1 6 12 1 0 4
Ankistrodesmus braunii (Naeg.) Brunthaller
Ankistrodesmus falcafus var. mirabilis G.S. West
C hl amydomon as sp. Ehrenberg 1 6 1 1 6 1 216 206 1 1 F '

C hl a mydomon as g/obosa Snow
C hlo rel I a/Ch lorococcu m h u m icot a (Naeg.) Rabenhorsi
Chlorococcum sp oq 37 98 33
C h I o ro cocc u m/ P a I m e I I a
Closterium sp. 1 0
Coelastrum sp.
Coe I a stru m c.t. m icro poru m Nageli.
Cosmarium sp. Corda
Crucigenia sp.
Crucigenia tetrapedia (Kirch.) West & West
Elakatotrhix vlldls (Snow) Printz
G/oeocysfis sp.
Gloeocystis gigas Kutzing.
Gloeocystis planktonica (West & West) Lemmerman
Golenkinia paucispina West & West
Gonatozygon sp.
Gonium sp.
Gonium c.f. sociale (Duj.) Warming
Gon iu m pectorale Mueller
Hyalotheca sp
Hyalotheca drss/lens
Microspora sp.
Microspora c.f . quadrata Hazen
Oedogonium sp. Link 1 0
Oocysfls sp. Naegeli in A. Brown
Pediastrum sp. 4 3 1 0
Pediastrum boryanum (Turp.) Meneghini
Pediastrum c.f. duplex Meyen
Pediastrum simplex (Meyen) Lemmermann
Planktosphaeia sp.
Planktosphaeria gelatinosa G.M Smith
Scenedesrnus bij uga (T urp.) Lagerheim
Scenedesmus brasrTlensis Bohlin
Scenedesmus quadricauda (Turp.) deBrebisson 1 6 1 2 21 1 5 1 2
Scenedesmus // 3 5 4
Scenedesmus sp. Meyen
Se/enasfrum sp. 8 4
Selenastrum minutum (Naeg.) Collins
Selenastrum wesfii G.M. Smith
Sphaerocysfis schroelen Chodat
Spyrogyra sp.
Staurastrum sp. Meyen
Tetraspora sp.
Tetraspora c.f. Iacustris Lemmermann
Unknown green spheres I
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APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DATA

Number of Cells per mill i l i ter (No./mL)
Date Aug-00Aug-00Aug-00 Aug-00Aug-00

Location c3501 c3501 s3s00s3500s3500
3yanophyta

Agmenellum sp. I t z
Ag me ne llu m te nui ssi m a Lemmermann

Anabaena sp. 4
Anacystis sp.
Aphanocapsa delicatissima West & West

Chroococcus sp.
Chroococcu s Ii mneticu s Lemmermann

Chroococcus maior 1 0 25
Ch roococcu s mi nor (Kuetz.) Naegeli 54 25 41 31 33
Gomphosphaeria sp. 4 4 1 4 1 0 21
Gompho sphae ri a /acusfris Chodat
Lyngbyasp. Agardh

Mlcrocysfls sp. 1 7 21 8
Microcystis aeruginosa Kuetz. amend Elenkin
M icrocystis lncerfa Lemmermann

Oscillatoria sp.
Oscillatoria angusfissma West & West
Oscill atoi a I imnetica Vaucher

Scytonema sp.
Synechococcus sp.

Shrysophyta
Chromulina sp. 206 1 ' t 5 1 6 1 252 173
CI adomona s frutlculosa Stein

Dinobryon sp. 29 29 1 0 t c 45
Dinobryon cylindricum lmhoff ex. Ahistrom
Dinobryon sociale var. ameicum (Brunn.) Bachmann
Mallomonas caudata lwanoff
Mallomonassp. Perty 37 37 7 41 25

Pyrrhophyta
Ceratium sp.
Ceratium hirudinella (OFM) Schrank
Glenodinium pulvlsculus (Ehr.) stein
Peridiniumsp. Ehrenberg 8 5 4

Cryptophyta
Chroomonas sp.
C hroomona s nord stedtii Hansgirg
Cryptomonas erosa Ehrenberg

Euglenophyta
Euglenasp. Ehrenbeig

Unknown cells

Total Non-Diatom Algae Density (cells/mL) 630 453 615 736 520
Sample Richness 1 1 1 2 1 4 1 5 1 5
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APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DIATOM DATA

Number of Cells per millil iter (No./mL)
Dat€ Mav-95 Jun-96 OcGg6
Slt( c3501 c3501 c3501 s3500s3500s3500s3500s3500s3500c3501 c3501 c3501

Achnanthes aflinis (Grunow)
Achnanthes exigua Grun In Cleve & Grunow
qcnnanmes extgua var heterovalvata Ktasske 1
Achnanthes clevei var. rostrala Hustedt I

KUtzrng 1

qchnanthes lanceolata vat. rostrata (OstruD.) Hustedt
rcnnannes nneans w. Smtm

1 1
KUrzrng 1 I 1 vqc hn a nlhe s pe I I ucid a Kulizing

ltnpntpreura penuctoa ^ulztng
\mphora ovalis var- affinis (Kutz ) E.H. ex DeT.
Amphora pediculus Kutzing 1 1 1 1 1 1 1qmphora perpusilla (Grun.) Grunow 2 1 1 1 1 1 1 1
\nomoeoneis serians var brachysira (deBreb ) Husted 1(nomoeoneis yilrea (Grun ) Ross o I

Aste rio n e lla lormosa Hassal 44 36 1 6 1 7 zo 1 9 8 t 4 I J
{ulacose ira amUgua (Grun.) Simonsen
qulacoseira distans vat. lirata 7 9
A,ulacoseira granulata (Ehr.) Simonson 2 1
quacoseira islandica (O. Muller) Simonson 6
qilacoseira italica (Ehr.) Simonson
qubcoseira italica var {enu,lssima (Grun.) Simonson 1 1
C alon e i s ba ci I I u m lcrun :LMelegch. 1
Caloneis venticosa (Ehr.) Meister
Cocconei s pediculus Ehrenberq
Cocconeis placentula var euglypta (Ehr.) Cleve 4 4 4
Cocconeis placentula vat- lineata Cleve o 5

Cocconeis thumensis A. Maver 1 1
tlclotella atomus Hust
/c/otel/a comensis Grunow
/Clotetta compta (Enr.) Kulzinq 2
ctoret@ Kutztngtana vat. ptanetophora Fricke

,ycl ote il a me negli ni a n a Kutzing
jycloteil a m ichiginiana Skv. 5 o 9 I 1 0 I

cloteila oceilata Pant- 1 ? 49 1 5 44
)yclotella pseudoslelrgera Husted 1 1

)yclotella stelligera (Cleve et Grun ) V.H. 1 1 1 1 1 20jymatopleura elliDtica oegreb ) W. Smith
)ymatopleura so/ea (deBreb.) W. Smith 1
Cymbella afifrz's Kutzino o 1

Cymbella amphicephara Naegeti
iymbella cuspidata Kutzing 1 1 1

mbeila hauckii V. Heurck
/mbella microceDhala Grunow 2 ,l
lmbella minuta var pseudogracilis (Choln.) Reim 1

)ymbella naviculiformrs Auerswald
mbella paNa (W Smith) Cleve
ymbaila peryusilla A. Cleve 7
mbella prostata (Berkeley) Cleve 1

CW be il a ve nticos a Ku!4ing 1
Diatoma anceDs (Ehr.) Grunow 1
Diatoma tenuis Aaardh 44 71 46 68 72 90 35 25 40
Diatoma tenuis var. eloneatum Lvnabve 90 39 u 55 79 92 70 98
Diatoma vulgare Bory
)iatoma vulgare var. Breve 6 5 o 1

iloneis ovalis (Hilse.) Cleve
'loneis puella (Schumann) Cleve

=ncyonema minulum (Hilse in Rabenhorst) Mann
ithemia emarainata Andrews 'l

-ftgilana brevistnata Grunow
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APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DIATOM DATA

Number of Cells per millil iter (No./mL)
Date Mav.95 Jun-96 Oct-96
Sit€ c3501 c3501 c3501 s3500s3500s3500s3500s3500s3500c3501 c3501 c3501

trragilaia capuc,na Desmzeires 1 4
trragilaria capucina vat. g/acilrs (Oestr ) Hustedt Z J I 40 39
trraailaia capucina vat. mesolepla (Rabh ) Grunow 26 1 8 1 9
LraQilana capucina vat. rumpens (KuU ) Lanqe-Benalot
trragilada capucina vat. vaucheriae (Kutz.) Lange-Bertalot 49 45 1 8 7 1 6
trragilaia construens (Ehr.) Grunow I
rragilaria construens var. D,nodis (Ehr.) Grunow 6 1 0 20 48 o t 85
Eraoilaia construens var. venter (Ehr.) Grunow JZ 28 J T 4 1
tr rao il a da crotone nsis Kitton t c I I
trraailaria delicalissrma (W. smith) Lanoe-Bertalot
trraqilaria famelica (Kutz.) Lanqe-Bertalot
=radilaria inlermedia Grunow 1
Fragilaia Dinnata Ehrenbero 2 2 9 o
trfaeilaria tenera (W. Smith) Lange-Bertalot
F rag ila i a virescens Ralfs 29 44 7 1 7

Gomphonema angustatum vat. producla Grunow 3
Gomphonema gracile Ehr,
GomDhonema inticatum Kulzino
GomDhonema olivaceurn (Lvnobve) Kutzino 1

Gomphonema paNurum (Kutz.) Grunow
Gvrosioma acuminatum (Kutz.) Rabh. 1
Melosin vaians C.A. Aoardh 1 1 1 4
Navicula 2 1
Navicula arvensis Hust. I 1 2
Navicul a ca pitata Ehrenbera 7 o

Vavicula caqilata var. tuneDeroens,s (Grun.) Patrack
\avicula c.f. dicephala (Ehr.) W. Smith
Vavicula cincta (Ehr.) Kutzinq
u av icula cocconeifonnis Greq.
uavicula cohnii (Hilse.) Grunow 2 1
u av icul a conte n la Gt unow
U av i cul a cryptoce phala Kutzing 1 4 2 1 1 o 2 4
Uavicula cNDtoceDhala vat. exrTis Kutzino 1
Uavicula dicephala (Ehr.) W. Smith
Vayicu/a f/'uoalis Hustedt
\avicula gastrum (Ehr.) Donkin
Uavicula gracilis Ehrenberg
\avicu I a h u na a rica Grunow 1 3
Vavicula lacustns Greoory 1 I

Yavicula lanaceolala (Aqardh ) Kutz.
Vavicu/a ralrsslma Greqory
\avicula menisculus Schumann 1

\avicula minima Gtun. I 1

\avicula minuscula Grun.
\avicula mutica Kuuinq
\avicula nitrcDhila B. Petersen 1
\,1 avicu I a De rp u sill a Gtunow
\'lavicula oseudoreinhardtii Patrick 1 1 1

\avicula pupula Kuuing 1 1
\avicula pupula vat. mutata (Krasske) Hustedt 1

Vavicura pusio Cleve I 1 3
vavicura /radiosa Kutzing 1 I 1
\avicula radiosa var tenella (deBreb. ex Katz.) Grunow 1 1

Vayicula schmassmannii Hustedt
N av icula se min ulu m Grunow 2
Navrcua sp. tJory
Navicula 1 1
rvayicura suotil,ssrna Cleve
Navicula symmetdca P attick
Navicula tdpunctata vat. schizonemoides
Navicula variostrata Ktasske
Neidium dubium (Ehr.) Cleve ,l

Neidium dubuim var. constictum A.V. Heurck
Nitzschia (longissima2) (deBreb.) Ralfs 1 1

Nltzschrb acicuraris W. smith l ( 1 0 1 5 c 1

N itzschia amp h i bi a Gr unow 'l

Nitzschia angustata (W. Smith) Grunow 2 o

N,tzschia constncta (Kutz ) Ralfs.
u itzsch i a de nticula Grunow 1
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APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DIATOM DATA

Number of Gells per millj!iter (No./mL)
Date May-95 Jun-96 Oct-96
Slte c3501 c3501 c3s01s3500s3500s3500s3500s3500s3500c3501 c3501 c3501

N itzschia dissipata (Kutz.) Grunow 1 0 4 9 5 4
N itzsch i a fonticol a Gt unow I 2 o
N i tzsch ia fru stu lu m Grunow 1 2 1 1 JU 1 2 4

N itzschia frustulum Kulz.
Nitzschia GLRD 1 1 4
Nitzschia grccilis Hantzsch. 1 0 1 1 9 9 I J 23 3
Nitzschia lineads W. Smith o 1
\itzschi palea vat. debilis (Kutz.) Grunow
Vrtzschra pateacea Grunow 6 c 5 64 48 6,4
Yrrzscnra romana urunow 61 30
\itzschia stagnoryln ryq:bh.
u ttz schi a subcapile//ara Hust.

t o 5 1 5
U i t zsch i a therm al i s Kutzing 1
vttzscnta trybtionaila var- debilis (Amott) A Maver
<htzosolenta enensrs H.L. smith 1 1 ?

Rhizosolenia sp. Ehrenberq
qhoicosphenia cuNala (Kutz.) Grunow 2 1
Sellophorc bacillum (Ehr.) D Mann
Stauroners smilh,T Grun.
Stephanodiscus alprinus Hust. 2 c 25 1 7
Stephanocliscus hantzsciii Grun. In Cleve & Grunow 46 45 1 30 40 29 zv 1 8 47 76
Stepnanod,scus Danlzschii vat. lenuls (Hust.) Hankansson & Stoermer 1 0 6
Stephanodiscus niagarae Ehrenberg 1
Stephanoctiscus paryus Stoermer & Hakansson 1 3 1 7 6 5 6 4 ?

Suirclla didyma Kutzino ,| 1
Sunrella lneans W. Smith 4 1 2
Surirella ovata Ku|tr'i^o 1 1
Sudrella ovata var. Dinnala W. Smith 1 1
SurTerra sp. TurDin

ynedra acus var. angust sgma Grunow 9 1 1 1 7 4 0
nedra acus var. radians (Kutz.) Grunow
/nedra delicatissima W. Smlth 1 a 8 1 1 1 0 1 1 1 0 9 ZJ
nedra nana Meislel

>yneor6t Purcnet@ Ku1ztng
Synedn radians KuU.
Synedra ulna {Nitz.) Ehrenbero 2 2 1 ?
Synedra ulna var. chaseana Thomas 1 1 6 4 o 1 0 I 2
;ynedra ulna var. danba (Kutz.) Grunow c 4 c
Tabellaria fenestnta (Lyngb.) Kutz.
Tabellaia flocculosa (Roth) Kutzing 1 1 1
Tabe I I a ri a q u a d iseptala Knudson 1 1 1 2 I

otal Diatom Densltv {cells/mLl LL[l 523 265 455 518 654 253 210 359 437 284 450
f{ ichness 38 45 46 50 54 26 36 35 47 37 45
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APPENDIX B. PROPOSED DTFFUSER SITE PHYTOPLANKTON DIATOM DATA

Nqqber of Cells per mitliliter (No./mL)
Date Oct-96 Apr-97 Oct-97
Sit€ s3500s3500s3500c3501 c3501 c350'l s3500s3500s3500c3501 c3501 c3501

qchnanthes affinis (Grunow) 1
qchnanthes exigua Grun. In Cleve & Grunow
qchnanthes exigua var. heleroyalyala Krasske 1 o
Achnanthes clevei var. roslrala Hustedt
qchn a nth es fle xe | | a Kt|tr.ino 1
{chnanthes hauckiana Grun I 1
qchnanthes lanceolata var. dubia Gtun.
q,chnanthes lanceolata vat, rcstrata (Ostrup.) Hustedt 1
qchnanthes linearis W. Smith I 1
qc hn an t h e s m icroce p h ala Ku|a.irg
qchnanthes minutissma Kutzing o 1 7
Acn n anh es pel I ucid a Kutzing
AmqnQleura Pelludda Kutzinq
Amphora ovalis var. affinis (Kutz.) E.H. ex DeT.
qmphon pediculus Kutzing 2 1 1 ,|

I
Amphora perpusilla (Grun.) Grunow J 2 2 1 1 4 I
qnomoeoneis serians var. brachvsira (deBreb.) Husted
qnomoeoneis yilrea (Grun.) Ross 7 4
Asterionella formosa Hassal 1 0 8 1 I I 1 3
Aulacoseira amDigua (Grun.) Simonsen 1 1 1
{ulacoseira distans var. lirala
q,ubcoseira granulala (Ehr.) Simonson
quhcosei'a islandica (O. Muller) Simonson
\ulacoseira italica (Ehr.) Simonson
Aulacoseira italica var. lenuisslma (Grun.) Simonson 1
Caloneis bacillum (Grun ) Meresch.
Calonei s ve ntricosa (Ehr.) Meistel
Cocconeis pediculus Ehrenberq 1

Cocconeis placenlula vat. eualvDta (Ehr.) Cleve J 1 1 z o I 1
Cocconeis placentula var. lineata Cleve 1 1 1 1
=occoneis thumensis A Mayer 1 'l ,l 1
=yclotella alomus Hust.
)yclotella comensis Grunow

yclotella compta (Ehr.) Kulzing 1 1 ,| 1
clotella Rutzingiana vat. planetophora F ticke
cloteila meneghiniana Kutzing 1 1 1

,yaoIeila mtcntgtn ana sKV. I 9 t l

)yclotella ocellata P anl 14 1 0 1 I 2 3 5
)yclotella pseudostel,gera Husted
)vcl otel I a soc,a/is Schutt 1

clotella steiligera (Cleve et Grun ) V.H. 7 1 2 1 4 1 7 8 t o I 1 4
ileura elliDtica (deBreb.) W. Smith 1 1
ileura solea (deBreb.) W. Smith

'mbeila aftinis Ku|aing o
Cymbeil a amph ice ph al a Naegeli 1 1 1
Oymbe I a cu spid ata Kulzing 2
Cvmbella hauckii V. Heurck
Cymbella m icroce phala Grunow 1 1 1 1 1
Cymbella minuta vat. pseudogracilis (Choln.) Reim
Cymbella naviculiformrs Auerswald
cymbella paNa (w. smith) cleve 1
Owbeila perpusiila A. Qleve 4
)wbella prostata (Berkeley) cleve
ivmbeila venlicosa Kutzino 1 1 1 1
)iatoma anceDs (Ehr.) Grunow
)iatoma tenuis Aga.dh I ? 1 o 1 9
)iatoma lenuis var. elongatum Lyngbye 1 0
)iatoma vulgare Bory 1 1
Jtaaoma vuQare var. breve 1

loneis ovalis (Hilse ) Cleve
toneis pueila (Schumann) Cleve

rcyonema minutum (Hilse in Rabenhorst) Mann 1 1
I ithe mi a ema m inata Andtews

il a d a brevi stri ata Grunow I
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APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DIATOM DATA

dubuim vat. consticlum A.V. Heurcx
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APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DIATOM DATA

Number of  Cel ls  per mi l l i l i ter  (No./mL)
Date OcG96 Apr-97 Oct-97
Site s3500s3500s3500c3501 c3501 c3501 s3500s3500s3500c3501 c3501 c3501

Nitzschia dissipata [Kutz ] Grunow 1 1 I 1
Nilzschia fontbola Grunow
Nilzsch,a frustu/um Grunow 35 21 I 1 1 1 1 1 1 2
N itzschi a f ru stul u m Kuu.
Nitzschia GLRD 1
Nitzschia gracilis Hantzsch. I 5
Nitzschia linearis W. Smith 1 1 1 1 3 J

Uitzschi palea vat. debilis (Kutz.) Grunow
Uitzschia paleacea Grunow 51 64 1 9 7 4 4 1 1 27 1 0 1 8
vrtzscD,a ft)mana urunow o 42 2 'l

Vitzschia sfagnorum Rabh.
U itz schia su bca p itel/ala H ust.
Vilzschia sub/lnearls Hustedt
V,fzschra lhermalis Kutzino
uitzschia tryblionella va(. debilis (Arnott) A. Maver
?hizosolenia enensis H.L. Smith
Thizosolenia sp. Ehrenberq
?hoicosphenia cuNala (Kutz ) Grunow 3 1 1 1 1 1

Sellophora bacl/um (Ehr ) D. Mann 1 1 1

Stauroneis smilhrT Grun. 1

Stephanodiscus a/p/,;4us Hust 25 24 41 I 7 6 4 1

Sfeohanodiscus hanlzscht Grun. In Cleve & Grunow 5 t 48 50 44 79 1 2 21 z o 31 28 16
Stephanodiscus hanlzschii var. tenu,s (Hust ) Hankansson & Stoermer 24 ?9 38 23 1 4 I 8 1 2 o

Slephanodiscus nrbgarae Ehrenberg J

Sfephanod,scus parvus Stoermer & Hakansson 3 ' t l

Su ri re il a d idy ma Kutzing
Sudrella lineais W. Smath

,uirella ovata Ku|€,ina
Surirella ovata var. Dinnata W. Smith o 1 1 1 1 1
Surirella sp. Turgin

nedra acus var. angusfiss,;na Grunow 1 1 I 3 J 5 4

;vnedra acus var. radians (Kutz.) Grunow
Synedra delicatissima W. Smith
Svnedra nana Meister

Synedra pulcheila KuE,ing
Svnedrc radians Kuu.
vnedra ulna (Nitz.) Ehrenbero 'l 1 1 1 1 1

medra ulna var chaseana Thomas
/nedra ulna var. danica (Kutz.) Grunow

fabellaia fenestrata (Lyngb ) Kutz.
fabellaria tlocculosa (Roth) Kutzing
Tabellaria quadriseplala Knudson 4 1 1 1 1 1

lotal Diatom Densitv (cells/mL) 289 335 410 1 8 5 176 124 82 1 1 132 325 365 368

lichness 30 36 38 52 53 49 55 53 54 41 4',1 30
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APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DIATOM DATA

Number of  Cel ls  per mi l l i l i ter  (No./mL)
Dak Oct-97 Sep-97 Auq-98
Sitc 33500 s3500s3500 tr3501 33501 ;3501 s3500 53500 s3500 13501 1c3501c3501

qchnanthe s afti nis (Grunow)
q,chnanthes exigua Grun. In Cleve & Grunow
qchnanthes exiaua var heteroyalyafa Krasske 1
qchnanthes clevei var. rosrrala Hustedt
qchnanthes flexella Kutzing 1 1 4
qchnanlhes hauckiana Grun. 1 2
qchnanthes lanceolata va(- dubia Grun. 2 1 1 1 2
\chnanhes lanceolata var. rcstrata (Ostruo ) Hustedt
^chnanthes linearis W. Smith
qch n a nth e s m ic roce Dh al a Kulzina
Achnanthes minutiss,'ma Kutzino 7 1 1 0
\chnanthes pellucda Kutzinq
\mphipleura pellucida Kutzing
lmphora ovalis var. aflinis (Kulz ) E H. ex DeT.
qmphora pediculus Kuuing 1 6 1 8 4 1 1
\mphora perpusilla (Grun.) Grunow 1 1 1 0 o 3 14 1 5
lnomoeoneis seians vat. brachysira (deBreb.) Husted
qnomoeoneis ydrea (Grun.) Ross
qsterionella tormosa Hassal 1 9 t o 8 7 l 4 1 0 1 0
quhcoseira ambigua (Gtun.) Simonsen ,l 7 1 0
qubcoseira distans var. lirata
qilacoseira granulata (Ehr.) Simonson
qubcoseira islandica (O. Muller) Simonson
qubcosein italica (Ehr,) Simonson
qulacosein italica vat lenulssr'ma (Grun ) Simonson
)aloneis bacillum (Grun.) Meresch.
)aloneis ventricosa (Ehr.) Meistel
)occoneis pediculus Ehrenberg
)occoneis placentula var. euglypta (Ehr.) Cleve 1 0 1 9 1 1 21 1 0 1 0
)occoneis Dlacentula va(. lineata Cleve
)occoneis thumensis A. Maver

cloteila atomus Husl.
c/otella comensrs Grunow
cloteila compta (Ehr.) Kutzing

)vcloteila kutzinqiana var. DlanetoDhora Fticke
)ycloteila meneghiniana KuEing I 1 8 20 1 5 zo 361 332 258
Cy clotell a m ich iginlana Skv
Cyclotell a ocel I a ta P ant. 7 1 7 1 2 1 194 87 89
Cyclotella pseudosferlrbera Husted
Cyclolella socia/is Schutl

yclotella stelligera (Cleve et Grun.) V.H. 1 9 I I 41 99
/matopleura erlrpttca (deBreb.) W. Smith
/matoDleura so/ea (deBreb.) W. Smith 21 1 7 v 1 3
mbelb afiinis Kutzing 1

r'mbella amphicepf,a/a Naegeli
mbe I I a cu s pid ata Ku|d.ing 1
mbella hauckii V Heurck
mbella microcephala Grunow 1 1

tmbeila minuta vat. pseudoeracilis (Choln.) Reim
jymbella naviculifonnis Auerswald
iymbella paNa (W. Smith) Cleve

vmbella DerDusilla A. Cleve
ymbella prostata (Berkeley) Cleve
vmbella ve nticosa Kutzino

)iatoma anceps (Ehr.) Grunow
)iatoma tenuis Aoardn 1 7 7 1
)iatoma tenuis var. elonaalum Lvnobve ' t5

I 1 0 1 0
)iatoma vulgare Bon/- 6 1 6 l n 1 0
)iatoma vulgare var. Breve
)iploneis ovalis (Hilse.) Cleve 2
)iploneis puella (Schumann) Cleve
=ncyonema minutum (Hilse in Rabenhorst) Mann 2 1 2
=pithemia e marginata Andrcws
trraailaila brcvistriata Grunow
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APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DIATOM DATA

Number of Cells per millil iter (No./mL)
Dat€ Oct-97 Sep-97 Auq-98
Sit€ t3500 t3500 i3500 :3501 c3s01 lc3s01s350053500 s3500 13501c3501 tc3501

Frcgilaria capucina Desmzeires 1 0 1 5
'ragilana capucina var. aracilis (Oestr.) Hustedt
Lragilanacapudna va( mesolepta (Rabh.) Grunow
tragilaia capucina vat. rumpens (KuU.) Lange-Bertalot 1 6 1 1 0
trrcgilaia capucina var, vaucheriae (Kutz.) Lange-Bertalot 1 7 o 20 1
Eragilaria construens (Ehr ) Grunow 1 5 2 9 J
trragilaia construens var. brnodis (Ehr.) Grunow
.ragilaria construens var. yenter (Ehr.) Grunow 1 0 J 1 1 6 1 3 6
tr rag il a ia c roto ne nsis Kitton 101 109 105 1 I 22 1 7 1 0 a 2 1 5 ZJ
trrcailaia delicalissima (W. smith) Lanoe-Bertalot
trragilaila famelica (Kutz.) Lange-Bertalot zo 55 41 5 o 1

il aria i nte rme di a Gtunow
cragilaia pinnata Ehrenberg 2 43 27 29 24 34
'ragilana tenera (W. Smith) Lanae-Bertalot
trraol'7aria v,irescens Ralfs
iompnonema angustatum var prcducfa Grunow
iomphonema gracile Ent 1 4 I 2 J

? om p hon e m a i ntricatu m KulEina
Somphonema olivaceum (Lyngbye) Kutzing
iomphonema paNulum (Kutz.) Grunow
;vrosiama acuminalum (Kutz ) Rabh. 2
uerostra vanans u A. Aoaron
Yavicula 2
Vavicuta aryensis Hust. 1 0 5
U avi cula cap itata Ehrenberg
Navicula capitala vat. luneberoensis (Grun ) Patrick
\avicula c.f. dicephala (Ehr.) W. Smith
Uavicula cincta (Ehr.) Kutzinq
N av i c u la coccon e iformr's Greg. 1
Navicula cohnii (Hilse.) Grunow
N a vi cu I a conte nta Gtunow
N avicu I a cryDtoce Dh al a Kul?.ino 1 1 0 o 21 15
Navicula cryDloceDhala vat. exrTis Kutzino
Navicula diceDhala (Ehr.) W. Smith
ryavicur8 fruoalrs Hustedt
Navicula gastrum (Ehr.) Donkin
Navicula gracilis Ehrenbero
N av i cul a h u nga rica Grunow 4 I 4 1 2 1 0
Navicula /acustns Greoorv
\avicula lanaceolala (Aoardh.) Kutz I 1 1
^Vavicula rat ssima Gregory z I
Navicula menisculus Schumann 2 1 1 4 7 2 5 co 20 20
\avicula minima Grun. 2 4 1 3 4 1 1 4 1 0
ttavicula minuscula Grun.

"l 
av i cul a m utica Kulzinq

\,lavicula nitrcphila B. Petersen
\avicula perpusilla Gtunow
\,lavicula pseudoreinhardtii Patrick
\avicula pupula Kuuing 2 2 1 7 1
\avicula pupula vat. mutata (Krasske) Hustedt
Vavicu/a Dusio Cleve 1 7 'I

Vavicula radiosa Kulzina o 6 1 6 1 2 1 0
\avicula radiosa var- tenella (deBreb. ex Kalz ) Grunow 7 5 2 28 1 0
\av icul a schma ssm€nn,I Hustedt
Uavicula seminulum Grunow
Vayicula sp. Bory
Vavicula 1
Vaylcu/a subtilrssima Cleve
Uavicula symmetica Patrick
\avtcula tnpunctata var. schizonemoides
Nayicula yarostrafa Krasske
Neidium dubium (Ehr.) Cleve 1
Neidium dubuim vat. constictum A.V. Heurck
Nttzschia (longissimaT,, (deBreb.) Ralfs
Nitzschia aclculars W. smith
N itzsch ia am ohi bia Gt unovt
Nitzschia angustata (W. Smith) Grunow
Nitzschia constdcta (Kutz.) Ralfs. 1 0
Nitzschia denticula Gru ow 2
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APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DIATOM DATA

Number of Cells per millil iter (No./mL)
Date Oct-97 SeD-97 Auq-98
Sitc i3500 i3500 s3500 ;3501 :3501 1C350153500 s3500 s3500 :3501 c3501 i3501

\itzschia dissipata (Kutz.) Grunow 1 5 2
U itzschia fonticola Gtvnovt
Vrlzschia frusfulum Grunow ) 1 5 o 5 o 1 1
N itz sch ia f ru stu lu m Kula'
Nitzschia GLRD 1
Nitzschia gracilis Hantzsch. 2 1 9 1 8 1 I J l 2
Nitzschia linearb W. Smith 4 ,l 5 o 1 1 2 1 10 1 0
Nitzschi palea var debilis (Kutz.) Grunow
N it z schia Dale a cea Grunow 1 9 21 9 5Z J I 1 4 22 1 4 21 zo 30
Nitzschia roma na Gtunow
Nitzschia sfagnorum Rabh.
N itzschi a s ub cap itel/ata Hust,
t'l itzschi a s ubli ne aris Hustedt
^'l itzsc h ia lh e rm a I i s KulE.ing
\itzschia Wblioneila vat. debilis (Arnott) A. Mayer
thizosolenia en?nsts H.L. Smith
Thizosolenia sp. Ehrenberq 24 7 1 0 5
<norcosphenia culvala (Kutz.) Grunow 4 5 c 2 4 1 0 20
;ellophora bacillum (Ehr.) D. Mann
ilauronerS smilhr7 Grun
itepnanodGcus alp,nus Hust. 7 4 o 8 l 4 1 0 JC
Stephanodiscus hanlzsch,l Grun. ln Cleve & Grunow 4 1 49 ZJ 8 a 1 26 '13

t o 1 0 128 124
SfepDanodrscushantzschii var lenurs (Hust.) Hankansson & Stoermer 5 1 0 I I 4 1 694 536 471
Stephanodiscus niagarae Ehrenberq
Slepharodiscus paryus Stoermer & Hakansson 4 2 1 1 1 4
Su ri re il a didym a Kutzing
Suirella lineais W. Smith 1 0
S u ri re I I a ovala Kutzing
Sunrella ovata var. Dinnata W. Smith
Sunreua sp- TwPin

'nectra acus var. angustissima Grunow 2 20 1 5
Synedra acus vat. ndians (Kutz.) Grunow 4 1 9 1 0 1 1 1 1 4 49 51
Svnedra delicatissima W. Smith
Synedra nana Meister
Syne d ra pu lche ila Ku|aing
Synedra radians KUE''
Synedra ulna (Nitz.) Ehrenbero
Synedra ulna var. chaseana Thomas
Synedra ulna vat. danica (Kutz.) Grunow
Tabellaia fenestrafa (Lynqb.) Kutz.
fabellaria flocculosa (Roth) Kutzinq
fabeilaria quadriseplata Knudson 1 1 2

fotal Diatom Density (cells/mL) 352 417 350 107 403 336 245 256 192 2,055 1,415 1,373
l ichness 32 33 41 34 43 42 46 38 39 26 25 26
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APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DIATOM DATA

Number of  Cel ls  per mi l l i l i ter  (No./mL)
Date Aug-98 Aug-99 Auq-00
Site s3500s3s00s3500c3501 c3501 c3501 s3500s3500s3500c3501 | C3501c3501

4chnanlies affnis (Grunow)
qcnnanthes exryua crun. In Cleve & Grunow

qchnanthes clevei var. rostrafa Hustedt
q,chnanthe s fl e xella Ku!tr.ing

Achnanthes lanceolata vat. dubia Gtun.
Achnanthes lanceolata var. rostrata (Ostruo.) Hustedt
{chnanthes linearis W Smith

1 6 1 0 6 7 7 ' 18
Ac h n a nth e s p e I I u ci da Kule'ing
qrnPntpreura peuuctoa Kulztng

8 20 54qmphora pediculus Kutzing
qmphora perpusilla (Grun.) Grunow 5 7 l 1 7 20 t e JO
Anomqgoneis seians var. brachysira (deBreb ) Husted
qnomoeoneis yrlrea (Grun ) Ross
\ste ione ll a formosa Hassal 5 1 1 1 198 217
lulacoseira ambigua (Grun.) Simonsen

lulacoseirc granulata (Ehr ) Simonson
qubcoseira islandica (O. Muller) Simonson
Aulacoseira italica (Ehr ) Simonson

(Grun ) Simonson
Caloneis bacillum (Grun ) Meresch.
Caloneis ve ntricosa (Ehr.) Meister
Cocconei s ped i culus Ehrenberq
)occoneis placentula vat. euglyDla (Ehr ) Cleve 1 0 ZJ
Uocconeis placenlula vat. lineata Cleve
jocconeis thumensls A. Maver

5 o I 7 30 JO 48
clolella comensis Grunow 134 187 245 244 16,4 221'clotella compta (Eht.\ Kylzing

)yclotella kutzingiana var planetophora Fricke 83 1'14 1 1 9 183 101 99 zoz YO
Cycl otella m e ne gh i n i a n a Kubing 1 3 1 444 300
Cyclotell a m ich igi niana Skv. o 't1

I J 1 2 o 1 3 20 12
Cy clote ll a ocel I a ta P ant 85 1 5 6 54 28 64 80 o 3 1 282 504
iyclotella pseudostel/,gera Husted I O 21 1 0

/crofel/a socia/is Schutt
cloteila stelligera (Cleve et Grun.) V.H. 107 39 o 1 8 10 70 8 1 96

lmatopleura e/,ptica (deBreb.) W Smith
ymatopleura solea (deBreb.) W. Smith 7 1 0

)ymbella affinis Kutzinq
)ymbella amphicephala Naeaeli
) ym bell a cu sp icl ata Kuhina t o
)ymbella hauckii V. Heurck 1 8

ymbella microcephala Grunow o 7 1 2
Vmbella minuta vat. pseudogracilis (Choln.) Reim
vm bell a n avi cu I iformis Auerswald
mbella paNa (W Smith) Cleve
'mbeila perpusilla A Cleve
'mbella proslata (Berkeley) Cleve

: ymbe il a ve ntrico sa Kutzing
Diatoma anceps (Ehr.) Grunow
Diatoma tenuis Agadh 5 o 7 20

tenuis vat. elongatum lyngbye 5 5
Diatoma vulgare Bory
Jtarcma vugate var ureve

)rplonerb puella (Schumann) Cteve 
-T

5
--f

20 1 8 24
3ncyonema m/,hulum (Hilse in Rabenhorst) Mann I o 20 54
=pithemia emarginata Andrews I=ragilaia brcvistiata Grunow

Page 10 of 1 5



APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DIATOM DATA

Number of  Cel ls  per mi l l i t i ter  (No./mL)
Dat€ Auq-98 Aus-99 Auo-00
Site s3500s3500s3500c3501 c3501 c3501 s3500s3500s3500c3501 c3s01c3501

trragilaria capucina Desmzeires 7 1 0 c 1 0 5 t o 60 54 48
trragilaria capucina var. gracilis (Oestr.) Hustedt
'ragilaria capucina vat mesolepta (Rabh ) Grunow
'ragilaria capucina va(. rumpens (Kutz.) Lange-Bertalot 1 6 1 0 1 6 1 3 5 toz 468 530'raqilaila caDucina var vaucheriae (Kutz.) Lanoe-Bertalot

ilaria construens (Ehr.) Grunow
'raqilaria construens var- binodis (Ehr.) Grunow
craoilaria construens vat venter (Ehr.) Grunow o 1 0
= rag ilari a c roto ne nsis Kitton 43 49 21 4 1 76 36 42 1 1 9 t z 5 0 1386=raailaila delicatissima (W. smith) Lanoe-Bertalot
'ragilaria famelica (Kutz.) Lanqe-Bertalot
=ragilaia intermedia Grunow
=ragilada pinnata Ehrenberq 1 0 9 24'ragilaria tenera (W. Smith) Lanqe-Bertalot

€g"7ana vfescens Ralfs
iomphonema angustatum vat producla Grunow
iomDhonema oracile Ent.

hone ma intricalum Kru/d'ing
thonema olivaceum (Lyngbye) Kutzing

Gomphonema paNulurn (Kutz.) Grunow
Gyrosiama acuminafum (Kutz.) Rabh.
Melosira varians C.A. Aqardh
Navicula 2
rvavlcu/a arvensis H ust. 7 I o 1 8
\avicula capitata Ehrenberg
Yawcula caqtata vat. lunebergensis (Grun.) Patrick

"lavicula 
c.t. dicephala (Ehr.) W Smith 9 o 7 5

\'lavicula cincta (Ehr.) Kutzinq
V avicu I a cocco n e iformis Greq
\avicula cohnii (Hilse.) Grunow
\avicula contenta Gtunow 20 1 8
Uav ic u I a cry ptoce ph a la Kulzing 1 0 7 5 30 1 8 96
Navicula cryptoceDhala vat. exllls Kutzino
ryavrcua otcepnan (Enr.) w. umrtn 20 72 72
Naylcula frugal,s Hustedt
Navicula gastrum (Ehr ) Donkin
Navicula gracilis Ehrenberq
Navicula hungaica Grunow 1 0 ' t2 1 3 1 3 I J 30 50 36
N avicu I a I acu stri s Grcgory
Navicula lanaceolala (Aqardh.) Kutz.
N av i cula I ati ssi ma Gr eooN
Navicula menisculus Schumann 7 1 6 1 0 5 1 8 7 5 1 0
Navicula minima Grun. 7 9 1 2
\avicula minuscula Grun. 1 0 24
\avicula mutica KuE.ino
\avicula nitrophila B. Petersen
\ avicu I a pe rpu silla Grunow
\avicula pseudoreinhardtii Parick
\,1 avic u I a pu pula Kuuing
\awcula pupula var. mutata (Krasske) Hustedt
\avicula pusio Cleve
u av i cul a rad iosa Kuuino 1 3 oo 20 5 5
Yavicula radiosa var. tenella (deBreb. ex Katz ) Grunow 1 6
U avic u I a sc hm a ss mannii Hustedl
Uavicula seminulum Grunwt
Vayicula sp. Bory 5 5 5 7
Uavicula 1
Vayicula suDtT,ssima Cleve
N avicula symmetrica Paltick
Navicula fiDunctata vat. schizonemoide s 30 1 8
^'t av i cu I a va no st rata Kt asske
Neidium ctubium (Ehr.) Cleve 7 30 1 8
\eidium dubuim var constrictum A V. Heurck o
V,tzschia (/ongiss,ma?) (deBreb.) Ralfs
\rrfzscnra ac,curarrs W. smith 7 o

\itzschia amDh ibia Grunow
\itzschia angustata (W. Smith) Grunow
\ itzschia constricta (Kutz.) Ralfs.
\ itzsch i a d enticul a Grunow

P a g e 1 l o f 1 5



APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DIATOM DATA

Number of Gells per miltiliter (No./mL)
Dat€ Auq-98 Aug-99 Auq-00

s3500s3500s3500c3501 c3501 c3501 s3500s3s00s3500c3501 c3501 c3501\itzschia dissipata (Kutz.) Grunow 1 3 t o 1 0 5 o 5(,ruoow

54

30 Jb
\itzschi palea vat. debilis (Kutr.) Grunow 1 2 24 1 8 1 4 1 3
\itzschia paleacea Grunow t o 1 0 1 3 24 1 6 8 ' t21 54
Vrlzsch,a romana Grunow 44 34 46 14 34 161 156
Uitzschia stagnorurn Rabh. 20 JO 24
U itzschia subc aDilel/afa Hust. 6 7
Vrtzscf,ia suo/inearis Hustedt
V,tzsch,a lhermalq KuEing
\itzschia tryblioneila vat debitis (Arnott) A Maver 7 20 1 2
Rhizosolenia en-ersis H.L. Smith

\hoicosphenia cuNata (Kuu ) Grunow 7 24
Sellophora bacillum (Ehr.) D Mann
Slauroner's smithii Grun
Stephanodiscus alp,nus Hust. 7
Stephanodiscus hanlzsch,l Grun. In Cleve & Grunow 214 182 151 ?43 96
Stephanodiscus hantzschii var- fenur's (Hust.) Hankansson & Stoermer 591 823 5 1 6 t 9 22 28 7 1 3 65 565 668 795
'ephanodiscus paNus Stoemer & Hakansson 30 ZJ c 1 3 1 6 1 3 1 8 60 99 48

iuircila didyllta Ku|aing
Suirella lineais W. Smith ? n
Surireila ovata Ku|',ing

ptnnaa

SunTel/a sp. TurDin 5
Synedra acus va[. anouslrssr'ma Grunow 7 1 a q

Synedra acus vat. radians (KuE ) Grunow 1 6 ZJ
Synedra del,batissima W. Smith t c 28 o 21 382 405 J 9 /
Synedrc nana Meisler

Vne d ra pu lc h el I a Kulzing
vnedra radians KUU- 5 9 6 7 141 432 J / J
neora wna [Nlz.) tsnrenoerg t o 1 0

Synedn ulna var. chaseana Thomas
>yneom urna vat. oantca (Kutz ) Grunow
Tabellaria fenestrala (Lyngb.) Kutz. 1 8 12
Iabel/ana frocculosa (Roth) Kuqing
'abellaia quadriseptafa Knudson

ioq4 qlatom Density (cells/mL) 1,314 2.238 1,243 477 663 811 786 506 749 4,287 5,153 7 5.235
22 ? 1 7 2S 28 33 24 29 3'l 35 36 32

Page 12 of 1 5



Number of  Cel ls  per mi l l i l i ter  (No./mL)
Date Aug{0
Site s3500s3500s3500

qchnanthes a[tinis (Grunow)
Achnanlhesexigua Grun ln Cleve & Grunow
qchnanthes exieua vat heterovalvata Krasske
qchnanthes clevei var roslrata Hustedt
Achnanthe s tlexella Kujg.ino
Achnanthes hauckiana Grun.
Achnanthes lanceolata vat. dubia Grun.
Achnanthes lanceolala vat. rostrata (Ostrup.) Hustedt
Achnanthes lineais W Smith
Achn anthe s m ic roce ph al a Kutzing
Achnanthes minuli ss/';7,a Kutzing
Achnanthes pellucrUa Kutzing
4m p hi ple u r a pe ll ucid a Kuuing '12 22
qmphora ovalis va(. aflinis (Kutz.) E.H. ex OeT
qmphon pediculus Kutzing
Amphora perpusiila (Grun.) Grunow 34
qnomoeoneis serians uar. brachvsira (deBreb ) Husted
Anomoeoneis yflrea (Grun ) Ross
qsteionella formosa Hassal 244 250 236
qubcoseira ambigua (Grun.) Simonsen
quhcoseira distans vat. lirata
qubcoseira granulala (Ehr.) Simonson
qubcoseira islandica (O. Muller) Simonson
^ulacoseira italica (Ehr.) Simonson
4,ulacoseira italica var. tenurssima (Grun.) Simonson
)aloneis bacillum (Grun.) Meresch.
)aloneis venticosa (Ehr.) Meister
)occoneis pediculus Ehrenberg
)occoneis placentula var euglypta (Ehr.) Cleve JO

)occoneis placentula var. lineata Qleve
)occoneis thumensis A. Maver
Cyclotella atomus Hust 105 143 22
Cyclolella comensis Grunow
Cyclotella compta (Ehr.) Kutzinq
?ycloteila kutzingiana vat planetophora Fricke 197 169

yclotella meneghiniana Kulzing
clotella michiginiana Skv. 18

lcl otell a oce I I a ta P anl. 360 304 J J /

clote ll a D se udo sle/lioera Husted
cloterla soc,arrs Schutt
cloteila stelliaera (Cleve et Grun.) V.H 124

-ymarcpteum eiltpilca loelJteD-) w. Smttn
)ymalopleura solea (deBreb.) w. smith 23 1 8 22
jymbeila aftinis Kutzina
)ymbella amphicephala Naegeli

Vmbe lla c u s pid ata Kulzing
vmbella hauckii V. Heurck
mbella microceDhala Grunow 1 1
mbella minuta vat. pseudogncilis (Choln.) Reim
'mbella naviculiformr.s Auerswald
'mDeila paNa tw. Smttn) uteve
'mbeua perpusilla A. Cleve
'mbeila prostata (Berkeley) cleve
'mbe I I a ve ntrico sa KuEing

Diatoma anceos (Ehr.) Grunow
)iatoma tenuis Agardh
tatoma tenuis var. elongatum Lyngbye 23
)iatoma vulgare Bory
)iatoma vulgare var Breve

loneis ovalis (Hilse.) Cleve
iloneis puella (Schumann) Cleve 46 107 lz

:ncyonema mrhulum (Hilse in Rabenhorst) Mann 34
?pithemia emaeinala Andrews
=ragilaria breviskiata Grunow

APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DIATOM DATA
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Number of  Cel ls  per ml l l i l i ter  (No./mL)
Dat€ Aus40
Sit€ s3500s3500s3500

cragilaria capucina Desmzeires 93
.raoilaria capucina vat. qracilis (Oestr.) Hustedt
.ragilaria capucina vat. mesolepta (Rabh.) Grunow
-ragtlana capuctna vat. tumpens {KUtz ) Lanqe-Bertalot 302 339 67
=ragilaria capucina vat. vaucheriae (Kutz.) Lanoe-Bertalot
=ragilada construens (Ehr.) Grunow

laia construens var. binodis (Ehr.) Grunow
ilaria construens var. venter (Ehr ) Grunow z 5 90

F rco il ana crotone nsis Kitton 1 383 2142 1 308
Fraeilaria delicatiss,ma (W. smith) Lanoe-Bertalot
Fragilaria famelica (Kutz ) Lange-Bertatot
F ragilaia intermedia Gtunow
Fragilaia pinnata Ehrenberg 36 22
Fragilaria tenera (W. Smith) Lanqe-Bertalot
Fragilaia virescens Ralfs
Gomphonema angustatum vat. producfa Grunow
Gomphonema gracile Ehl
Gomphonema intricatum Kutzinq 23 JO 1 1
Gomphonema olivaceum (Lynobye) Kutzinq
Somphonema paNulum (Kutz.) Grunow
Syrosigma acuminalum (Kutz ) Rabh
Velosirc vaians C.A. Aoardh
\'lavicula 2
Navrcula aryensis Hust 23 t 8
\,1 avicula capitata Ehrenberg
\avtcula caqtala var. ,uneDerqensrs (Grun ) Patrick
\'lavicula c f. dicephala (Ehr.) W. Smith
\,lavicula cincla (Ehr.) Kutzino
\,1 av icul a coccone iformr's Greq.
\,lavicula cohnii (Hilse.) Grunow
\ avi cul a conte nta Grunow
\ avi cu I a cryptoce phala Kutzing 46 JO o a
\avicula cryptoceDhala vat exilis Kutzino
Yawcura otcepnata (Enr.) w. smtm c6 1 6 1 34
Vayicula fruoalis Hustedt
Uavicula gastrum (Ehr.) Donkin
\,lavicula grccilis Ehrenberg
U avic ula h u n ga ric a Grunow 4 b JO 22
Vayicu/a lacuslris Greoorv
Uavicula lanaceolata (Agardh ) Kutz.
Vavicula lat ss";z,a Gregory
Uavicula menisculus Schumann
Uavicula minima Grun. 1 8 22
Uavicula minuscula Grun 1 2 89 67
\'lavicula mutica KulP.ing
Navicula nitroDhila B. Petersen
\,1 av icul a pe rp u sill a Gt vnout
N av icu I a Dse ud orc i nha rdti i P atdck
Navicula pupula KuUing
Navicula pupula vat mutata (Krasske) Hustedt
Navicula Dusio Cleve
N av icul a ra d iosa Kutzing
Navicula radiosa var. tenella (deBreb. ex Katz.) Grunow
N av icul a schm a ss mann,i Hustedt
Navicula seminulum Grunow
ryavrcula sp. bory
Navicula 1
Vay,bula subt Tiss,ma Cleve
N av i cul a svm melri ca P akick
\avicula tilpunctata var schizonemoides 22
Vavicula varroslrata Krasske
\eidium dubium (Ehr.) Cleve 23 36
Neidium dubuim var. constdctum A.V. Heurck
\'litzschia (longissimafl (deBreb.) Ralfs
V,tzschia acicular's W. smith
\ it zschia a m p hibia Gtunow

"litzschia 
angustata (W. Smith) Grunow

\itzschia constricta (KuE ) Ralfs.
\ itz sch i a denticula Grunow

APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DIATOM DATA
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Number of  Cel ls  per mi l l i l i ter  (No./mL)
Dat€ Auq40
Site s3500s3500 s3500

V,tzschia diss/bala (Kutz.) Grunow
Vitzschia fonlicola Grunow
N itz schia f rustu I u m Grunow
N it zsch i a frustul u m KUU Z J J O +c
Nitzschia GLRD 1
Nitzschia gtacilis Hantzsch.
\itzschia linearis W. Smith 46 22
Nitzschi palea var. debilis (Kutz.) Grunow
\ilzschia Daleacea GF.]now 186 89 1 1 2
v ttzscn E rom a n a \;runow 46 143 1 1
V,lzscl,ra stagnorum Rabh 23
Y itzschia su bca p iterlata Hust.
Vrtzschia sub/ineans Hustedt
U it zsch i a the rmal i s Kvlg.ina
Uitzschia tryblionella vat. debilis (Arnott) A. Maver JO 22
Rhizosolenia eiens,s H.L. Smith
Rhizosolenia sp. Ehrenberq
Rhoicosphenia curuata (Kutz.) Grunow 22
Sellophon bacillum (Ehr.) D. Mann
Slauroners smllhrT Grun. 1 2 t o 1 1
Stephanodiscus alprnus Hust.
Stephanodiscus hanfzschr'i Grun. In Cleve & Grunow 70 214 146
Stephanodiscus hantzschii vat fenuis (Hust.) Hankansson & Stoermer 790 875 f78

hanodiscus niagarae Ehrenberq
Stephanodiscus palyus Stoermer & Hakansson 70 143 O I

Suirella didyma Kutzing
Surirella linearis W. Smith JO

Suirella ovata Kul@,ino
Surirella ovata var. Dinnata W. Smith Z J 71
SurrTerla sp Turpin
iynedra acus var. anqusl,ss,ma Grunow
)ynedn acus var. radians (Kutz.) Grunow
;ynedra delicalissima W. Smith 453 625 665
Synedra nana Meister
Synedrc pulchella KulEing
Synedn radians Kutz. 70 250 2 1
Synedra ulna (Nitz.) Ehrenberg
Synedra utna var. chasean

Iabeilana tenestrala (Lvnob.) KuE. 1
abellaia flocculosa (Roth) Kutzinq

T a bell a ri a q uad ri se plala Knudson

fotal Diatom Donsity (cells/mL) 4,912 6.698 4,946 |
l lchness 33 35 38

APPENDIX B. PROPOSED DIFFUSER SITE PHYTOPLANKTON DIATOM DATA
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APPENDIX C. LAKE MICHIGAN WATER CHEMISTRY DATA

Notes:
n/a - Not Analyzed

Parameter Units
May-95

c3501 53500
Jun-96

s3500 s3500
Oct-96

c3501 S3500
Apr-97

c3501 53500

ed Solids (TSS
d Sol ids (TDS)
aCO3

Sarbon (TOC)
iaCOs

\itrogen (TKN)
Nitrate/Nitrite
Total Nitrogen
Total Phosphorus
Ortho-Phosphorus
Silica
Sulfate
Tota lCa lc ium
Total Magnesium
TotalSodium
Total Potassium

s .u .
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

nla nla
2.0 3.0
188  198
1  1 0  1 1 0
14.0 14.0
3.2 3.2
158  133
1 . 1  1 . 9

1.50 0.29
nla nla

0 .100  0 j20
0.009 0.050
0.50 0.60
25 26
85 54
1 2  1 2
7.7 7.0
0.3 3.3

7.0  6 .9
0 .9  0 .9
194 188
nla nla
12.7  13 .2
4 .3  4 .5
1 4 7  1 5 0
nla nla

0.35 0.34
1 . 7 4  1 . 5 6

0.009 0.009
0.009 0.009
0.70 0.65
nla nla
nla nla
nla nla
nla nla
nla nla

8.1 B. ' l
2 .5 2.0
148 140
nla nla

12.5 14.0
2.5 2.6
155  150
0.4 0.4

0.30 0.40
nla nla

0.020 0.020
0.020 0.020
0.s0 0.38
nla nla
nla nla
nla nla
nla nla
nla nla

8.5 8.3
0.9 0.9
160  160
nla nla
17 .0  17 .0
14.0 20.0
150  160
0.4 0.4

0.34 0.09
nla nla

0.200 0.200
0.200 0.200
0.60 0.59
nla nla
nla nla
nla nla
nla nla
nla nla

Parameter Units
Oct-97

c3501 53500
Aug-98

s3500 s3s00
Aug-99

c3501 S3500
Aug-00

c3501 S3s00

pH
Total Suspended Solids (TSS
Total Dissolved Solids (TDS)
Chloride
Total Organic Carbon (TOC)
Hardness as CaCO3
Total Kjeldahl Nitrogen (TKN)
Nitrate/Nitrite
Total Phosphorus
Ortho-Phosphorus
Si l ica
Dissolved Calcium
Dissolved Magnesium

s.u.
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mgiL
mg/L
mg/L
mg/L
mg/L
mg/L

8.30 8,20
1.00 2.00

150.00 150.00
12.00 12.00
2.50 2.50

150.00 140.00
0.50 0.50
0.26 0.31

0.025 0.025
0.025 0.027
0 . 1 3  0 . 1 6
nla nla I
nla nla I

140.00 140.00
0.50 0.50
0.40 0.46
0.025 0.025
0.025 0.025
0.25 0.22
nla nla
nla nla

7.90 7.80
2.50 2.50

170.00 160.00
12.00 15.00
2.00 3.00

142.00 143.00
0.30 0.40
0.25 0.27

0.020 0.020
0.003 0.003
0.80 0.80
37.50 37.90 I
11 .70  1  1 .80  I

8.70 8.70
6.25 6.00

180.00 165.00
12.00 12.00
2.00 2.00

138.00 137.00
0 .13  1 .60
0.27 0.27

0.020 0.020
0.003 0.003
0.50 0.60

36.10 36.00 I
11 .7O 11 .60  |

I
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Long-Term Lake Michigan Biomonitoring 04/03/02

APPENDIX D. LAKE MICHIGAN DUNES SITE

1.0 INTRODUCTION

The Dunes, an offshore section of Lake Michigan positioned parallel to the lndiana Dunes
National Lakeshore, Indiana, was sampled in June 1996 to represent a minimally impacted
southern Lake Michigan habitat with physical and chemical characteristics similar to 53500 and
C3501. The Dunes data further augment the long{erm biomonitoring database by documenting
the existing background conditions in order to better evaluate and identify potential effects of th6
BP treated effluent on the waters and biota of Lake Michigan.

2.0 STUDY SITES

The Dunes consist of six sample sites representing what is believed to be high-quality water
and sediment conditions located parallel to the shore of Indiana Dunes State park. Each
sample site was separated by approximately 1.0 mile (1.6 km) fora distance of six miles along
the shoreline and in 28 feet (8.5 meters) of water. Figure D-1 shows the Dunes sample
locations and their corresponding latitude and longitudes.

3.0 METHODS

The following collections were made at the Dunes sites:

. Sediment;

. Benthicmacroinvertebrates; and,

. Water quality.

3.1 Sediment and Benthos

Sediment and benthic macroinvertebrates were collected at the Dunes sites using methods as
described in Sections 3.1 and 3.2of the Summary Report. All sites at the Duneslocation were
sampled (s i tes  1  ,2 ,3 ,4 ,  5 ,  and 6) .

3.2 Water Quality

A Series lll multi-parameter probe and transmitter (Hydrolab, Inc.) was used to determine depth
profiles for pH (s.u.), conductivity (pmhos/cm), water temperature (.C), and dissolved oxygen
(mg/L) at the Dunes sites. Water quality measurements at each site were made in s fooi (3.0
meter) intervals from the lake bottom to the surface.

4.0 RESULTS

4.1 Sediment Composition and Benthos

Sand is the characteristic component of the sediment at the Dunes sites. Sand represented
98% of the sediment composition at the Dunes and ranged from 96.3% to gg.2o/o composition.
Figures D-2a through D-2d show the relative percent composition of each particle size for the
Dunes sites, as well as their respective compositions at both 53500 anO CgSOt. A goodness-
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of-fit model indicated a statistical difference in percent composition among size categories
between 53500, C3501 , and the Dunes sites (G = 18,6; X,2o.os(g) = 7 .8i GrX, = P < 0.05). At the
Dunes sites, sand-sized particles represented a statistically higher proportion of particles than at
either S3500 or C3501. In contrast, si l t-sized part icles comprised a signif icantly smaller
proport ion of the sediments at the Dunes sites than at either 53500 or C3501. Clay and gravel-
Sized part icles, however, were minimal with respect to sediment composit ion at al l  three sites.
Table D-1 l ists the mean, minimum, and maximum percent contributions of each part icle size to
the sediment at the Dunes sites.

Three different taxa were identified in the Dunes benthos samples. Species observed included
aquatic 'flies Phaenopsectra spp., the snail Valvata perdepressa, the zebra mussel Dreissena
polymorpha, and several unidentified early-instar Chironomidae. None of the samples
contained al l  three identif ied taxa. TableD-2 provides the Dunes sites community summary. A
taxonomic l ist ing and abundance data for the Dunes benthos samples are presented in Table
D-3.

Benthos richness ranged from zero organisms at Dunes 1 and Dunes 6 samples to 2 taxa at
Dunes 2 and Dunes 4. Chironomids were observed at three of the six Dunes sites and also
represented the taxa with the highest observed density (80 orgs/mz). Total organism density
ranged from zero (Dunes 1 and Dunes 6) to 120 orgs/m2 at Dunes 4 where both chironomids
and zebra mussels were observed (Table D-3).

4.2 Water Quality

The rn slfu water quality measurements at the Dunes indicated a well-mixed water column, A
1.0 to 1.5 degree vert ical temperature gradient was observed through the water column at each
sampling location. The range of values for the in situ parameters measured were well within the
range observed at 53500 and C3501, although temperatures were approximately 1 degree
cooler. Table D-4 lists the pH, dissolved oxygen, conductivity, and temperature at depth for
Dunes 1,2, 4,5, and 6. Dunes site 3 data was not recorded because a vert ical profi le could not
be obtained due to anchorage problems and boat drifting.

5.0 GONCLUSIONS

5.1 Sediment Gomposit ion and Benthos

Sediment samples from the Dunes sites indicated a higher percentage of sand and a lower
percentage of si l t  in the sediments than at either 53500 or C3501. Sand-sized part icles
dominated the profi le of the Dunes sediments as at 53500 and C3501, and the pattern of
sediment composition (% sand > o/o clay > % silt > % gravel) was nearly identical to 53500 and
C3501. The dominance of sand-sized particles may be due in part to both physical differences
in source material and exposure to lake-wide currents and disruption. In contrast, 53500 and
C3501 appear to be comparatively sheltered from these factors. A more uniform and less
physically complex substrate matrix such as sand, plus an increased potential for physical
disruption of the substrate material, would tend to favor organisms that are less impacted or
injured by physical disruption and abrasion.

The high uniformity of the sediment physical structure may be l imit ing to benthos richness and
density at the Dunes sites. Continuous or heavy disruption of the surf icial sediments would
likely favor the presence of robust organisms unaffected by shifting substrates, or organisms
that have the abil i ty to burrow into the sediments below the level of physical disturbance. The
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presence of many crayfish (reported by divers) and fingernail clams at the Dunes sites are
examples of organisms more resistant than soft-bodied organisms to shifting sand, and that
have the ability to burrow into the sediments.

The most notable difference between the benthic macroinvertebrate collections of 53500,
C3501, and the Dunes sites was the paucity of Oligochaeta in the Dunes sites collections. lt is
quite possible that these organisms were buried deeper within the sediments than sampled.
However, it is highly unlikely that the absence of Oligochaeta is an indication of higher quality
water at the Dunes sites than at 33500 and C3501, as Oligochaetes have been collected in a
variety of environments both oligotrophic and eutrophic in nature. lt is more plausible that the
physical conditions at the Dunes sites limit the presence of these soft-bodied organisms.

5.2 ln situ Water Quality

The Dunes sites water column was well-mixed, and the water quality did not differ from that
foundate i ther53500orC3501.  Theovera l l  d i f fe rence in tempera ture(1" )  be tweentheDunes
sites and 53500 and C3501 can be attributed to the greater exposure of the Dunes sites to
deeper, open waters, localized differences in lake currents, and daily meteorological
fluctuations.

ADVENT 0 1 534 \l lRrevisedreport.doc
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TABLE D-2. LAKE MICHIGAN DUNES BENTHOS SUMMARY

Parameter Units
Dunes

Min.  Max. Mean

Total Density
Richness
Simpson's Diversity
Shannon-Wiener Diversity
Percent Oligochaetes
Percent Snails
Percent Clams and Mussels
Percent Chironomids

No./m2
Number
Value
Value

Percent
Percent
Percent
Percent

0 120 55
0 2 1

0.00 1.00 0.58
0.00 0.69 0.33
0.0 0.0 0.0
0.0 50.0 8.3
0.0 50.0 13.8
0.0 100 44.5
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TABLE D-4. LAKE MICHIGAN DUNES tN SITU WATER QUALtry DETERMTNATTONS 
O

Temperature ("C)
Date

Location
6i6l96 6/6/96 6/6/96 6/6/96 6/6/96 6/6/96

Dunes 1 Dunes 2 Dunes 3 Dunes 4 Dunes 5 Dunes 6
Depth (ft)
surface
1 t o 3
5 t o 6
8 t o 9
10 to  12
14 to  15
1 7  t o  1 8
20 to 21
24 to 25
27 to 28
29+

13 .3 13.2 nla 13.7 13.8 13.7
1 3 . 3 13 .3 nla nla nla nla
13 .3 nla nla 13.7 13.8 13.7
13.2 13.4 nla nla nla nla
13.2 nla nla 1 3 . 6 13.7 13.6
1 3 , 1 13.2 nla 1 3 . 9 13.7 13.6
1 3 . 1 13.2 nla nla nla nla
13.0 13.1 nla 13.4 13.6 13.6
1 2 . 7 13.1 nla 13.2 13.5 13.3
12.4 12.7 nla 12.7 nla 12.9

bottom 1 2 . 5 bottom bottom 1 3 . 3 bottom

Dissolved Oxvqen (mo/L)
Date

Location
6/6/96 6/6/96 6/6/96 6/6/96 6/6/96 6/6/96

Dunes 1 Dunes 2 Dunes 3 Dunes 4 Dunes 5 Dunes 6
Depth (ft)
surface
1 t o 3
5 t o O
8 t o 9
1 0  t o  1 2
14 to  15
1 7  t o  1 8
20 to 21
24Io  25
27 to 28
29+

10.7 1 0 . 8 nla 10.7 1 0 . 6 10,7
10.7 10.8 nla nla nla nla
1 0 . 8 nla nla 10.7 1 0 . 6 10.7
1 0 . 8 1 0 . 8 nla nla nla nla
1 0 . 8 nla nla 10.7 1 0 . 6 10.7
10.8 10.8 nla 10.7 1 0 . 6 10.7
10.8 1 0 . 8 nla nla nla nla
10.7 10.8 nla 10.7 1 0 . 6 10.7
10.7 1 0 . 8 nla 10.7 1 0 . 6 10.9
10.6 1 0 . 6 nla 10.7 nla 1 0 . 9

bottom 1 0 . 5 bottom bottom 1 0 . 6 bottom
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O 
TABLE D.4. LAKE MICHIGAN DUNES IN SITU WATER QUALITY DETERMINATIONS

Conductivity (pmhol/cm)
Date

Location
6/6/96 6/6/96 6/6/96 6/6/96 6/6/96 6/6/96

Dunes 1 Dunes 2 Dunes 3 Dunes 4 Dunes 5 Dunes 6
Depth (ft)
surface
1 t o 3
5 t o 6
8 t o 9
1 0  t o  1 2
1 4  t o  1 5
1 7  t o  1 8
20 to 21
24 to 25
27 to 28
29+

302 302 nla 301 300 300
303 301 nla nla nla nla
303 nla nla 300 299 302
302 303 nla nla nla nla
305 nla nla 301 304 300
304 304 nla 304 306 299
303 301 nla nla nla nla
301 302 nla 302 303 294
306 301 nla 303 297 300
302 301 nla 294 nla 304

bottom 297 bottom bottom 3 1 0 bottom

pH (s.u.)
Date

Location
6/6/96 6/6/96 6/6/96 6/6/96 6/6/96 6/6/96

Dunes 1 Dunes 2 Dunes 3 Dunes 4 Dunes 5 Dunes 6
Depth (ft)
surface
1 t o 3
5 t o 6
8 t o 9
1 0  t o  1 2
14 to  15
1 7  t o  1 8
20to 21
24 to 25
27 to 28
29+

8.2 8.3 nla 8.3 8.3 8.3
8.2 8.3 nla nla nla nla
8.2 nla nla 8.3 8.3 8.3
8.2 8,3 nla nla nla nla
8.2 nla nla 8.3 8.3 8.3
8.2 8.2 nla 8.3 8.3 8.3
8.2 8.2 nla nla nla nla
8.2 8.2 nla 8.3 8.3 8.3
8.2 8.2 nla 8.3 8.3 8.3
8.1 8.2 nla 8.2 nla 8.3

bottom 8.2 bottom bottom 8.3 bottom

Notes:
n/a - Not Measured

Page 2 of 2
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